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SPECIAL METHODS FOR THE DIAGNOSIS OF TUMORS IN THE 


LABORATORY 
By N. CHANDLER Foor, M.D.* 
PROFESSOR OF SURGICAL PATHOLOGY 
NEW YORK, NEW YORK 
Department of Surgical Pathology, Cornell University Medical College, and the 

New York Hospital 
ir should be made quite clear at the books. Some tumors have many variants 
et of this paper that there isno royal or differing types of growth, no one type 


the 
whatever methods be used to 


d to the diagnosis of tumors in 
oratory ; 
ferentiate oneneoplasm from another the 
gnosis still depends upon the training 
experience of the observer. Tumors 
definite physiognomies and you all 
ime more or less familiar with these 
e 2nd year classroom, when you stud- 
arefully selected sections or specimens. 
t of you have, I fear, stored this some- 
painfully acquired knowledge on the 
helf and, should you take it down 
ook it over, you would find that it 
iccumulated a lot of cobwebs. 
diagnosis of tumors is largely a 
r of seeing many examples of them 
ist as one becomes acquainted with 
to know them without 
¢ to turn on the high-powered lens 


There is no stain 


pe e, getting 


earch for details. 
vill automatically issue a diagnosis 
ere are few rules in the recognition 
iors that do not have their excep- 
\ few weeks of studying sections 


iboratory of surgical pathology is 


many months of reading in text- 
ered at the University of Buffalo, School 
1946 
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may be considered to be the inflexible pro- 
totype of that particular neoplasm. 

Granted that the pathologist has the 
necessary background, however, there are 
many methods of going about the securing 
of a diagnosis, some of them partial or 
indicative and useful for screening out 
obvious cases, others, ancillary to the rou- 
tine, but in the end the paraffin section, 
properly the last of 
appeals. 


stained, is court 
In presenting this subject it would be 
well to begin with the simpler methods 
and progress to the more complicated 
procedures. Simple methods are calcu- 
lated to cause the least disturbance to the 
patient, physician, surgeon and _ patholo- 
gist. Those which are more complicated 
often produce discomfort for the patient 
and make demands upon the skill and 
experience of the physicians involved. 
Smears. The recent work of Papanico- 
laou has given great impetus to the diag- 


nosis of malignant growths in smears. 
He began by studying the cytologic 


changes in the vaginal epithelium in vari- 


of Medicine, Centennial Symposium on Cancer, 
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ous phases of the menstrual cycle and 
under varying conditions of hormonal 
stimulation. While carrying out his in- 
vestigations he noted that cells of malig- 
nant tumors were encountered in some of 
the smears. As these were readily recog- 
nized he accordingly expanded his tech- 
nique to facilitate this form of diagnosis. 
At first a side line in his investigation, this 
very important feature has become a 
main line and he has devised methods for 
examining not only vaginal smears, but 
also material obtained directly by intra- 
uterine aspiration. Thus he was enabled 
to narrow down his sources of pathologic 
cells and to determine definitely that a 
given tumor was intrauterine and _ not 
located in the cervix uteri. 

It was not long before he branched out 
and began examining smears of other 
Huids and secretions. It was found that 
the urine from a bladder which was the 
site of carcinoma might contain carcino- 
matous elements and that these could be 
concentrated by centrifugation and thus 
readily identified. A noteworthy example 
of the practical value of this method was 
the discovery of cells from a carcinoma 
in the urine of a bladder which, on cysto- 
scopic examination, showed no carcinoma. 
Investigation revealed a fairly large diver- 
ticulum and, at operation, a carcinoma 
was found tucked away in the fundus of 
this, safely hidden from the visual field 
of the cystoscope. 

It was evident from the success of these 
2 lines of experimentation that the method 
might be extended to an examination of 
aspirated fluids from other hollow viscera 
such as the stomach and the pulmonary 
tree. Accordingly these were investigated 
and it soon became evident that the meth- 
od was of distinct value in connection 
with the examination of smears of gastric 
contents and of sputum or _ bronchial 
washings, although diagnosis was found to 
be more difficult in this case than in that 
of the genitourinary system. 

The success of the method depends upon 
the fact that carcinomas tend to break 


down superficially and to cast off cells int 
the fluid that bathes them. If the malig 
nant tumor be intramural and does n 
desquamate into the cavity of the orga 
the method will, of course, not succee 
This would be true of leiomyoma of t! 
wall of a viscus, as well as of leiomyosar 
coma—unless that tumor had eroded 
way through the lining mucosa. 

There is nothing miraculous about thi 
technique; it depends simply upon 2 ta 
tors: carcinomatous cells must be present 
and the pathologist who searches for ther 
must have had sufficient experience to 
able to recognize them when he sees ther 
The procedure, then, should not be e1 
trusted to anyone who is unfamiliar w 
cancerous elements, but should be carrir 
out by an experienced pathologist. The 
qualified pathologist is usually well 
quainted with the appearance of carcir 
matous or sarcomatous cells; they are 
usually of abnormal size, irregular outlins 
and poor histologic differentiation; the: 
are generally very variable in diameter; 
they present nuclei that are hyperchro- 
matic and stain intensely, often possessing 
very large and prominent nucleoli. They 
may show normal, or very abnormal 
mitotic figures. Thus it becomes easy tor 
an experienced observer to recognize them 
and report their presence in a given smeal 

The method has few drawbacks. A 
carcinoma of any size will usually 


off cells or clumps of cells which may b 
found after a few minutes of searching 
If the pathologist is very much busied with 
routine, it is not often feasible for him t 
spend 3 hour or so in searching through 
a smear poor in cellular elements. A few 
such smears would occupy an 8 hour day: 
It is found, however, that if carcinoma 1s 
present, its cells are usually so striking 
in their appearance that they are readily 
found after a few minutes. 


One needs very little equipment for 


carrying out such examinations. he 


fluid is either smeared-out as it con to 


the laboratory, without concentration, OT 


if it be very dilute (like urine or bron: tal 
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ishings) it may be necessary to concen- 
ite it by sedimentation. The smears 


re allowed to dry on microscopic slides 
nd are then fixed in equal amounts of 
They are then stained 
some good method like the trichrome 


ner and aleohol. 


tain of Masson. The cellular details as 
ealed by this are excellent, and one 
‘ins very beautiful pictures of ciliated 


ells from normal bronchial mucosa, the 

a bright red and the cytoplasm grayish 
green. The carcinomatous elements stand 
their lack of differentiation and 
When 

ne is to be examined, Papanicolaou and 
Marshall have 
hout 40 ec. of this in a test-tube with 
0 to 20 ce. of 95% alcohol. This is then 

itrifugated and the sediment smeared 


it bv 


heir rather drab color reaction. 


found it advisable to mix 


to glass slides and fixed in alcohol and 
ether. It should not be forgotten that 
prostatic fluid is excellently adapted to 


examination in smears, it may be expressed 
nassage, smeared out and fixed in alco- 
ind ether, and then stained and exam- 
| for cancerous cells. 
Smears from the alimentary tract are 
t as yet very satisfactory on account of 
distortion of cells by digestion and of 
the presence of many foreign, though nor- 
cells, from ingested meat and the like. 
For the present, direct biopsies appear to 
in this case. 
BIOPSIES. 


referable 
These fall into 
the material aspirated in 
the 
pleura, pericardium or peritoneum, or the 


SPIRATION 
tegories 
form of serous effusions from 
es of cysts or joints; and, secondly, 
matter aspirated through a needle 
nnula attached to a syringe. 
us Fluids. The examination of ser- 
tids for cells of malignant tumors is 
f ited by allowing them to sediment 
avity in the refrigerator overnight 
hen centrifugating such sediments 
nically, after discarding the super- 
fluid and replacing it with a fixa- 
ich as formalin, Zenker’s or another 
The button is then care- 
the the 


xture 


removed from bottom of 


TUMORS IN 


THE LABORATORY 481 
tube and embedded in paraffin, in which 
it is sectioned exactly like a piece of tissue. 
Such sediments may be stained as one may 
It will be found that the path- 
ologist must acquire a certain degree of 


desire. 


familiarity with those cells normally pres- 
ent in transudates and exudates in order 
The 
chief difficulty is encountered in connec- 
tion with desquamated mesothelial ele- 


to recognize the abnormal elements. 


ments from the pleura, pericardium, or 
peritoneum; these may often take on very 
substantial proportions and mislead the 
pathologist. In hepatic cirrhosis there is 
usually a massive proliferation and des- 
quamation of peritoneal cells, but these 
are remarkably uniform in size, shape and 
appearance, while the reverse is true in 
the case of neoplastic elements, which vary 
conspicuously in The 
presence of multinuclear cells and of mito- 
tic figures in mesothelial cells is often 


these respects. 


confusing to the beginner, but as the 
effusion constitutes an excellent culture 


medium and the cells multiply and live 
in this much as would bacteria in broth, 
it is not surprising that they should take 
When 


cancer is present one may find masses of 


on a quasi-neoplastic appearance. 


neoplastic cells, sometimes attached to 
These 
groups may often be so characteristic in 
their appearance and arrangement that 
one may make a fairly accurate surmise 
as to the type of tumor and its primary 
site. The decried in some 
quarters, but this is unjust, as it has a 
very distinct value which should not be 
underestimated; in our laboratory the 
positive reports are better than 85% accu- 
rate, which speaks for itself. 

Aspiration of Solid Neoplastic Tissue. 


stromal elements, in the sediment. 


method is 


The “needle biopsy”’ has enjoyed consid- 
erable vogue for a long time and consists 
in introducing a coarse aspirating needle, 
or cannula, into the depths of a suspected 
neoplasm and attempting to aspirate some 
of this into the attached syringe by exert- 
ing strong suction while, at the same time, 
oscillating the tip of the needle to dis- 


— 
aE 
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lodge bits of tissue and facilitate their 
withdrawal Oftentimes valuable frag- 


ments are thus detached and can be 


smeared out onto a glass slide, or even 
The 


our 


embedded in paraffin and sectioned. 
method is frequently employed in 
hospital for exploring the liver, even in 
cases where there is no suspicion of the 
all that is 
wanted is a diagnosis of the hepatic paren- 
should be 


presence oO} carcinoma and 


chyma \spirated material 


fixed in an appropriate medium before it 
is stained. We used to emply heat, simply 
smearing aspirated tissue onto a slide and 
passing the latter through a Bunsen flame. 
This does not give satisfactory results, as 
the procedure is too drastic and the cellu- 


violent coagu- 


lar details are obscured by 


lation. Fixation of the smear, after it is 
dry, in equal parts of alcohol and ether, 
is now our method of choice. 

The 
advantage 5 
tissue to afford any concrete idea of the 


aspiration biopsy has definite dis- 


it does not give one enough 


topography of a given tumor, it merels 
produces its cells; it often fails entirely 
in the case of dense fibrous growths, where 
the cells re fuse to become dissociated from 
their fellows and one obtains merely an 
excellent smear of blood. It has always 
seemed, after long experience, that it is 
far better to excise a bit of tissue for a 
potentially 


thus disturb a 


tumor as little as_ possible. 


biopsy and 
malignant 

Agitating a needle in its depths may de- 
tach cells for diagnosis, but it might also 
into the and 
On the other hand, a 


piece of tumor that is cleanly excised with 


set them free circulation 


favor metastasis. 


a sharp scalpel would seem to suffer far 
less cellular dissociation and thus tend to 
This 


is, of course, theoretical but I believe that 


present less likelihood of metastasis. 


it is a valid point. 

Tissue Biopsy. There is little to be said 
here about the biopsy of tissue for diag- 
nosis, as its excision is a self-explanatory 
matter and the treatment of excised tis- 
differs not a that of a 


tumor which has been excised in toto. It 


sue whit from 


rUMORS IN 


THE LABORATORY 


is, however, advisable to stress the neces 
sity for the exercise on the part of the 
of dis 


the choice of the tissue he 


surgeon of a reasonable amount 
cernment in 
will excise for examination. The patholo 
that 


surgeon 


gist can diagnose only which is II 


his specimen; if the cut out 
piece of tissue near a tumor, rather thar 
in it, he may miss the tumor entirely an 
the pathologist, failing to find any ne 
plastic tissue will, of necessity, report it 
absence. If the surgeon exposes a mam 
mary tumor, for example, and then cut 
out a piece of tissue that is hard and 
brawny he may get the important part of 
the growth; if he selects a piece that 
stony-hard and which, when incised wit! 
the knife, cuts like balsa wood and leave 
the edges of the incision sharply angulai 
and not rounding-off, the matter will be 
simpler. If, on making the section, he 
notes yellowish streaks on the sectioned 
surface, or the yellowish “worm casts 
of a “comedocarcinoma, he will be even 
more surely producing a pay dirt’ for the 
pathologist. A biopsy should always be 
as generous as is feasible, tiny bits of tis- 
sue are hard to handle in the laborator) 
they are difficult to keep track of in thi 
solutions used and they are little better 
than aspiration biopsies in respect to the 
fields of microscopic observation that the 
afford. 


We 


Surgeons should see 


should consider frozen sections 


. few of these ma 


if they have not already done so. TI 


will then realize the futility of expecting 


a pathologist to make such sections 
biopsies measurable in millimeters on! 
or consisting of feathery, papillary grow 
that fly apart after they have been fr 


All 1 


holds a frozen section together is the 


and cut and floated on water. 
sue itself, once the ice 
impregnating medium, has melted. 

is not at all similar to paraffin or celloi 
Uterine curettings, unless very bulky 
fleshy, are extremely difficult to manag 
on the it is I 
better to allow the pathologist time 


freezing microtome; 


that serves as the 


nos 


| 

ff 
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uch material through in paraffin by 

It has at 
have 


of the more rapid methods. 
once happened that I been 
sted to make a frozen section of a 
tumor! <A little thought should 
ince the operator that bone requires 
before it be cut 
decalcification is a matter of days. 


cification can and 


Stains an Diagnosis. The aver- 
\merican pathologist is a man who 
ed to thinking in terms of red and 
the nuclei of the cells in a section 
ned by the usual hematoxylin-eosin, 
in-methylene blue methods are blue, 
thing else is red. This is all very 
for the diagnosis of simple, “run of 
ine’’ sections from familiar tumors; 
when a crowth is complicated, this 
le and overworked method falls down 
It is strange that so many 


ogists depend upon it exclusively 


when they send sections of tumors 
that 


admittedly tricky), send only 


nsultative diagnosis (tumors 


tained by this conventional tech- 
The advantage of a colored map 
the State of New York, with the 
in contrasting colors, is the fact 
much more rapidly understood 
ne in black-and-white; this is no 
ie of microscopic sections in which 
tissues assume various colors in 
tly more complicated stains, but 
n hematoxylin and eosin. 
a good polychrome stain is vastly 
because it affords immediate 
on as to the various components 
sue to be examined and time is 
in trying to identify these ele- 
morphology alone. As connec- 
ie fibers are stained green or blue 
yn sections, while muscle is red 
iral sheaths golden yellow, one 
Thus 


a would be mainly green and a 


) time in identifying them. 


r tumor mainly red, erythrocytes 
orange, fibrin vermillion, keratin 
d mucinous tissue green. 

is no facile formula for the diag- 
malignant as opposed to a non- 


} 
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malignant tumor insofar as specific stains 
are concerned; it is purely a matter of 
morphology and familiarity with the cri- 
elsewhere in 


teria already adumbrated 


this paper. When it comes to identifying 
the source of a tumor, however, the mat- 
ter is different. We have at our disposal 
stains for the 
demonstration of specific chemical sub- 


an enormous number of 


stances and histologic elements which 
enable a reasonably versatile pathologist 
to come very close to an accurate deter- 
mination of the tissue-of-origin of a given 
growth and this may often be of great 
importance as it may indicate wide differ- 
ences in the prognosis. 

Let us suppose that a tumor is full of 
granules of a brown pigment: is this 
melanin, or is it not? If it be melanin, 
Recourse 
to Perl’s stain, which is merely the old 
Prussian blue reaction for free iron, will 


the prognosis may be very bad. 


at once determine whether the pigment 
is hemosiderin. This is a common by- 
product of degenerated hemorrhage and 
little in the the 


granules turn greenish blue the pigment 


means prognosis. If 
is hemosiderin, if they remain brown it is 
something else. Impregnation with appro- 
priate solutions of silver salts will turn 
black, 


premelanic phase. 


melanin even in its colorless, or 

The prognosis of mammary carcinoma is 
said to be better if mucous deposits are 
found within the cells, or in the stroma. 
This 
without special stains in the latter case, 
but when it in the cellular 
cytoplasm it escapes notice in ordinary 


substance is readily recognizable 


is included 


sections. In those stained with Meyer’s 


mucicarmine,* however, each droplet of 
mucus will come out bright carmine and 
one may readily determine the general 
prevalence of mucus in the section and 
render an accordingly more favorable 
This has worked out well in 
our laboratory. Another carmine stain 


is used to demonstrate glycogen and there 


progne SIS. 


are several tumors which contain goodly 
amounts of this, notably the renal celled 


esbach modification has been found to be excellent (Dresbach, M., Arch. Path., 44, 391, 1947). 


= 
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carcinoma of the kidney, formerly called 
‘hypernephroma” and the rare chordoma, 
which develops from rests of the noto- 
chord. It is, however, seldom necessary 
to demonstrate glycogen in order to make 
a diagnosis of these neoplasms. 
Rhabdomyosarcomas are fairly common 
and very often misdiagnosed. In estab- 
lishing an iron-clad diagnosis it is desirable 
to demonstrate cross-striations in the cells 
of these growths; this is best accomplished 
by using Mallory’s phosphotungstiec acid 
hematoxylin, a stain that is far simpler 
than its rather formidable name. Cross- 
striations develop relatively late in the 
embryologic development of muscle and 
it is not always possible to demonstrate 
them in rhabdomyosarcomas; one should 
always endeavor to do this, however. 
difficult to 
identify unless one employs impregnation 
of the 
strates the parallel fibrils of sarcolemma 
These 


carcinomas, 


Leliomyosarcomas may be 
reticulum with silver and demon- 


that enmesh the cellular elements. 


tumors sometimes resemble 
particularly when they arise in the muscle 
of the gastric cardia. <A trichrome stain 
i Ja Masson will bring out the sarcoplasm 
ot component cells as bright red, polar 
accumulations, thus differentiating them 
from epithelium or fibroblasts. 

One of the knottiest problems in the 
diagnosis of tumors exists in connection 
with the group of lymphosarcomas and 
Hodgkin’s granuloma. Here it is impera- 
tive to employ Zenker fixation and the 
Giemsa stain, which has proved its worth 
The 
eosinophils which constitute one-third of 
the “‘ Hodgkin’s trilogy” 
in bold relief by this method, the lymphoid 


in connection with lymphoid tissue. 
are brought out 


elements are more specifically stained and 


their basophilic qualities accentuated. 
Thus the latter can be differentiated from 
the paler reticulum cells. 

Those of us who put store in separating 
the tumors of the reticuloendothelium (or 
Roulet calls it) 
the other elements of lymphoid tissue will 


find 


“retothelium,” as from 


silver impregnation invaluable in 
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clinching the diagnosis. The fibrils o 
reticulum penetrate among and aroun 


the cells of the tumor and thus differer 
tiate it from a carcinoma, which it som 
times resembles. In carcinomas the reticu 
lum forms a basal membrane about group 
of epithelial cells and does not penetrat: 
into their complexes at all conspicuous! 

The 


whether central or peripheral, have onl 


tumors of the nervous systen 

comparatively recently been placed upon 
a scientifically devised basis by means of 
recourse to silver impregnations of various 
sorts, depending principally upon the 
methods of Ramon y Cajal, who employed 
silver nitrate, and on those of Bielchowsk 

who used a double salt of silver, the di- 
ammino hydroxide. <A large number of 
methods were derived from these by del 
Rio Hortega, Bailey, Penfield, Globus and 
many other investigators. By using thes 
procedures it is possible to split up the 
large groups of “gliomas” into a number 
of subsidiary types each of which carries 


The old 


diagnosis of “ glioma’’ was unpredictable, 


a slightly different prognosis. 
the modern classification ranges from the 


non-malignant astrocytomas and _ oligo- 
dendrogliomas to the very malignant glio- 
blastoma multiforme, which is unfortu- 
nately among the commonest of cerebral 
tumors. Once a pathologist has familiar- 


ized himself with these forms of neuro- 
genous tumor, the invariable use of silver 
impregnations becomes relatively unneces- 


Masson 


usually sufficient to present evidence which 


sary; a good trichome stain 1s 
may be accurately evaluated and diagnos- 
ed, although it is usually followed up b) 
silver impregnations (which take more 
time to prepare) asa confirmatory measure. 

Tissue Cultures. Stout and his collabo- 
rator Murray have recently shown the 
advantages of growing tumors in tissue 
cultures; this is a very specialized tech- 
nique which is delicate and rather capri- 
cious until mastered. It began witl 
Harrison’s experiments with the explanted 
amphibian nerves and grew under the 


direction of Burrows, Carrel, Ebling and 


of 
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ers until it attained universal atten- 
n and was also extensively used in 
Stout and Mur- 
have been explanting small pieces of 


man tumors into appropriate media 


England and Germany. 


and have studied the individual cells as 


grew out from the explant. In this 


Way they have been able to observe dif- 


ferences between fibroblasts and lemmo- 


to determine that a neurofi- 
broma is really a rather scirrhous form 


Dlasts and 


neurilemmoma, most familiar to you 
the so-called “acoustic neurinoma.”’ 
Their confined to 
neurogenous tumors, as they have sub- 


experiments are not 


jected many types of growth to test in 
tissue cultures. 

\kin to the tissue culture is the study 
the anterior 
chamber of the eyes of experimental ani- 
ma Greene very valuable 
work While the trans- 
plantation of tumors from one species to 
another usually 


of tumors explanted into 


has done 


along this line. 


fails if the explant is 
placed in subcutaneous tissue, muscle, or 


a body cavity, the anterior chamber of 
the eye appears to be incapable of produc- 
ng antibodies that destroy such explants 
ese other situations. Thus the growth 
tumor may be studied through the 
imp microscope as it progresses in 
transparent It takes 


organ. these 


explants a long time to become accus- 
tomed to their new habitat and to grow 
there, but once they begin to grow they 
make rapid progress. Both the tissue cul- 


ure and the ocular culture are more suited 
0 experimental observation than to diag- 
losis, but it is only by experiment that 


we get to know something about these 
tur 

| ratory Procedures in Diagnosis. As 
ertain neoplasms cause changes in the 
biochemistry of the body, this fact has 
deen employed as a diagnostic adjuvant 
n the case of such growths. Choriocarci- 
tom: will increase the chorionic gonado- 


ro formerly called “prolan”’) of the 
ind urine, so that the patient reacts 
resence as would a pregnant woman 
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to that of a placenta. Carcinoma of the 
prostate is accompanied by increase in the 
acid phosphatase content of the blood, 
particularly when there has been wide- 
spread metastasis. Bence-Jones proteins 
appear in the urine of patients with mul- 
tiple myeloma of bone, as well as in the 
presence of some other tumors. Desoxy- 
corticosterones are increased in the case 
of cortical adenomas of the suprarenal. 
All these phenomena, when proved, are 
merely indicative of the nature of a tumor; 
its final diagnosis will nevertheless still 
depend upon its appearance under the 
microscope. 

For a while it was fashionable to employ 
certain fish to serve as indicators of in- 
A 


little of this liquid from a pregnant woman, 


creased gonadotropin in the urine. 


or a patient suffering from choriocarcinoma 
or malignant melanoma, when added to 
water in which these fish were kept would 
them to 
The male of the German minnow known as 
the “Elritzer”’ 
colors along his belly, the female bitter- 


cause react characteristically. 


would take on gorgeous 


ling would protrude her ovipositor, the 
female African frog would immediately 
lay eggs if gonadotropic material was 
Naturally the Aschheim-Zondek 


test is also applicable in such cases and 


present. 


has outlived the other methods in useful- 
ness. But these tests are merely confirma- 
tion of the fact that there is something 
present in the patient which is producing 
gonadotropic hormones and it will not 
While 
will bring about a positive reaction in 
tests for gonadotropin, it has been found 
that neurogenous sarcomas will also do 
this. There 
need for the hospitals to dispense with 
their histopathologists, or for the latter 
to discard their microscopes*. 

At one time the Gordon test for Hodg- 
kin’s disease gave some promise of diag- 


diagnose the tumor. melanomas 


has, as yet, been no real 


nosing that condition without resorting 
to biopsies of tissue, beyond removing 
small fragments for injection into rabbits. 


In the presence of Hodgkin’s disease the 


=n 
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rabbits would develop characteristic par- bony skeleton. All these can be more 

alysis Later experimentation proved — less accurately checked up by assays 

that this was attributable to the presence by clinical tests, but the actual diagno 
of eosinophils in the tissue and that any  gtill rests upon the outcome of histopatl 
tissue richly infiltrated with them would — |ogie observation 

provoke 4a positive reaction; thus the test Summary. This paper, when summ 
was found to be non-specific at as 

| s found to be non-specific and has been up, will merely indicate that there are 

argely given up. . ” 

special tests or methods for establi 
The functional action of tumors 
* ing the diagnosis of malignant tumor 
been mentioned already; islet tumors of . 

the sense of infallible and simple p: 
the pancreas will provoke hyperinsulinism, a2 
. cedures that are comparable with clini 
medullary adenoma of the suprarenal will 
bring about hypertension, cortical ade- 
nomas of the same gland will produce 
precocious sexual development and growth 
in children, masculinization in the female €Xamination of the tumors, or sample 
and less marked sexual changes in the 
male Tumors of the parathyroid occa- speak of special methods, then only in 
sion changes in the calcium metabolism far as they are specialized procedur 
of the body and in the histology of the “tissue patholog) 
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pathologic assays, serologic complement 
fixations and the like. We are still largel) 


dependent upon the gTOSS an | microsce pie 


them, under the microscope. One ma; 
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the purpose of this paper to report 


results of the administration of folic 


ha 


variety of hemopoietic disorders. 
ided in this study are cases of: Addi- 


in pernicious anemia, tropical sprue, 
rocytic anemia of unexplained origin, 
mia of renal insufficiency, leukemia, 
athic leukopenia, irradiation leuko- 


associated with malignancy and 


penic states of Addison’s disease, 
syndrome and thiouracil intoxica- 
Thirty-four cases in all have been 
ed 


since the introduction of liver treat- 
for pernicious anemia by Minot and 
hy in 1926 following the experi- 


ul work of Whipple? 
tion been focused upon potent anti- 


has so much 
substances. The clinical and ex- 
ental significance of folic acid, par- 
rly, has contributed to our knowledge 
nicious anemia. 

Mitchell, 


may be 


acid, so named by 


nd Williams!” 


ed from spinach, is a recently recog- 


because it 


nember of the vitamin B complex. 

» often the case, the credit for the 

of this drug cannot be assigned 

ne individual, but rather to many 

t groups of investigators who were 
in highly diversified fields. 

{ the first and most important con- 

to the study of the effect of 

deficiency upon hemo- 

vas that made by Wills, who in 


diseases 


ited the striking effect of marmite, 


iment is based on work performed under Contract No. W 


a yeast extract, on the blood picture of 
“tropical anemia’ and “ pernicious anemia 
of pregnancy.” She related the hemogram 
of these conditions to Addisonian perni- 
cious anemia and stated that these diseases 
differed only in symptomatology. She 
shrewdly observed that “tropical anemia’”’ 
and “pernicious anemia of pregnancy”’ 
and cor- 
rected by an unknown substance in mar- 
mite, probably protein in nature. 
She stated that “Marmite is, however, 
known to be a rich source of the B vita- 
mins.” 1932 Wills and Bili- 
moria” carried out experiments in monkeys 
wherein it was shown that certain vita- 


were deficiency diseases were 


not 


Later, in 


min B substances could correct or cure 
the nutritional cytopenias of these animals. 
In 1935, Day, Langston and Shukers® 
were able to corroborate Wills’ work on 
monkey s. The substance present in dried 
brewer’s yeast which was instrumental in 
correcting the nutritional cytopenias of 
the monkey was designated vitamin M by 
Day, Langston and Darby® in 1938. 

Likewise in 1938, Stokstad and Man- 
ning,”! working on chicks fed all the known 
essentials, noted that they needed a sub- 
stance present in yeast, middlings, alfalfa, 
or wheat bran for growth. In the next 
year, Hogan and Parrott" reported sim- 
ilar findings and added that chicks fed a 
diet lacking in this unknown factor also 
developed a “macrocytic hyperchromic 
anemia.” This factor, present in liver, 
they called vitamin Be. 


7401-eng—49 for the Atomic 
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From the seemingly unrelated field of was anemia. These patients were studi 
After proper baseline studi 


bacteriology came the next important as follows: 


advancement, for in 1940 Snell and Peter- including red blood cell count, hemoglobi: 


son'® reported a substance, present In white blood cell count, reticulocyte count 


veast and liver, which could be adsorbed examination of the peripheral blood, al 
on norite and eluted therefrom with am-  hemstocrit studies, the patient was plac: 
moniacal aleohol. This substance was on either oral parenteral folic 
found to be necessary for the growth of Thereafter daily reticulocyte counts w 
done. White blood cell counts, hemoglol 
and red blood cell counts were done tw 
weekly. Subsequent to the termination 
folie acid therapy the above routine w 
carried out for a minimum of 2 weeks 


Lactohacillus casei and Stre ptococcus lactis. 
It was called by them the “norite eluate 
factor.” 

In 1944 Hutchings, Stokstad, Bohonos 


and Slobodkin reported further work on possible. The follow-up studies of Group B 


the “ L. casei factor.” This substance they patients (the leukopenias) differed only 
related to vitamin M, vitamin B. and the’ that daily white blood counts and bk 
norite eluate factor. smear examinations were done instead 


In 1941 Mitchell, Snell and Williams!’ daily reticulocyte counts. All blood count 
were done with Bureau of Standards equip 


were able tO secure a substance from A 
ment Che diagnoses as listed in Tables 
spinach which was essential for the growth 13 1 established the | 
. ar ‘ and 3 were well established on the basis 
Strep. lactis was defined by the 
hem both clinical and laboratory evidence ar 
as a growth factor for this particular wine 
organism. It Was called folic acid, each case supported by examination of s 


The last important contribution to our able pathologic material. 


knowledge of folic acid (other than clinical Results. The results of administration 
contributions) was its synthesis in 1945 of folic acid are summarized in Tables 2 
by Angier et al.’ and finally the announce- and 3. 
ment of its chemical structure by this 1. Five cases of pernicious anemia in re- 
same group in 1946.2. Table 1 is a brief lapse have been treated with folic acid 
summary of some of the literature dealing (see Cases 1, 2, 3, 4, 5, Table 2, Chart | 
with folie acid. All of these cases obtained a satisfactor’ 
TaBLe Actp Group or SUBSTANCES* 
I Il IV 
Investigators Date Name Biologic activity 
\ | n 932-1935 \ min B ( vents al 
kevs 

2. D Lar 135-1938 Vitamin M Sar ve 

- nd M 938 Vita B ( k anen 

H Pa 939 
4. § Pet 1940 Nor Growtl wr for L. casei and S 

H Ss tad, Bol 143-1944 | a i facto Growth factor for 1 wsei and S 

imilar to: vitan B 
é factor, ar vitamin M 
t Ss W 94] \ t hemop« 
7 14 194¢ S f S ] f 
i ne Ss i i ve at 

Early in 1945 synthetic folie acid* hematologic remission in their diseasé 
became available in large enough quantity lowing the administration of folie 
to enable us to treat a number of leuko- On the average, the reticulocyte res] St 
penic and anemic states. began on the 4th to the 5th day following 

Method. The patients were divided into institution of treatment, reached a 1K 
2 groups, A and B. Group A patients were on the 7th or Sth day and slowly f 
those in whom the primary consideration to pre-treatment levels within 2 weeks 


* Courtesy of Dr. 8. M. Hardy of Lederle Laboratories, Inc., New York, New York. 
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Within Ob to Ss weeks the red blood cell 
count had increased on the average to 
292% and the hemoglobin to 269% of the 
values prior to giving folic acid. No 


direct counts were made on the number 


of blood platelets, although from observa- 


tions made from examination of blood 
smears, these elements were also noted 
to increase 1n number At the end of 2 to 


the 


of pernicious anemia were given 


t weeks of folic acid therapy, 4 of 
Cases 
parenteral liver extract. No subsequent 
reticulocyte response was noted in any of 


the se Cases 


wc 2444986 
PERNICIOUS ANEMIA 
we 
MEUTROPHILE 
YMPHOCY TE 
RB 
HEMOGLOBIN . 
we 
4 
2 
z x z 
z 
a 
5 
5 
pay: 
[ Fac sows 
CHART 1.—Response to folic acid in a case of pernicioi 


2. The effect of combined preparation 
of folic acid and iron on a patient with 
pernicious anemia is represented in Case 1. 
This preparation was later found to be 
On the 3rd day 
of treatment with this combined prepara- 


low in folie acid activity. 


tion, the patient developed diarrhea and 
absorbed little, if any, folic acid, for there 
was no reticulocyte response and the bone 
marrow remained megaloblastic in type. 
The clinical rapidly 
worse and finally on the 5th day following 


condition became 


institution of the combined folic acid-iron 


FOLIC ACID 


THERAPY 


preparation, it became necessary to gi 


the patient whole blood transfusions at 


parenteral medication (see Chart 


3. Case 6 is the only patient with spr 


which we have had the opportunity 


treat. 


blood cell count rose from 


As can be 


seen in Chart 3, the re 


3.5 million ] 


¢.mm. to 5.01 million per c.mm., and 


hemoglobin 


14.7 


response Was noted. 
the clinical improvement was 
the patient gained strength 


and his diarrhea 


rose 


gm. % in 73 


( 


from 13.1 gm. & 
weeks. No reticuloc 
On the other har 


striking 


and welgnht 
subsided. 
« 


RETICULOGEN ICC 


is anemia. 


1. In 3 cases of macrocytic anemia ol 


undetermined 


origin no 


effect 


duced by administration of folic acid (se 


Cases 7 


8 and 9, 


Table 2 


5. No beneficial effects were noted on 


the anemia of 4 cases of renal insufficient 


treated with folic acid (see Cases 10, 1! 
Chart 4). 


12, 13, Table 2, 


6. The administration of folic acid pro- 


duced no effect on the leukopenia asso 


ated with Addison’s disease (1 case) (se 


Case 14, Table 


7. In 1 case of Felty’s syndrome nD 


was 


HEMOGLOBIN IN GRAMS 


a 


HEMOGLOBIN IN GRAMS 
IGULOCYTE COUNT IN PERCENT 
RED BLOOD COUNT IN MILLIONS 


RET 


ADAMS, LAWRENCE: FOLIC ACID THERAPY 19] 


ac 
ANEMIA 
ME GALOBL AST | 
RETICL T | 
BIN 
— 
- 
* = ~ 
4 
> s- 
MG 90 FOLIC M 
£ 
OARRTEA f 
‘ ‘ ise to combined folic acid iron preparation verhaps due to the interference 
of iron with the absorption of folic acid 
— 
| ap 236738 
PRUE 
RBC 
| RETIC 
|} HBG 
L 


5 
4 
3 
2 
| ¥ 
OL 


AY 1 10 15 20 = 35] 40 45 
FOLIC ACID 50MG QD FOLIC ACID 25MG QD 


Cuart 3.—Response to folic acid in a case of sprue, 


z 
& z = 
4 F 6 4 
z 2 
3 


192 ADAMS, LAWRENCE: FOLIC ACID THERAPY 


effect of folic acid was detected on either 
the white or red blood cell count see 
Case 15, Table 3). 

8. In 1 case of agranulocytosis resulting 
from thiouracil administration for hyper- 
thyroidism, an increase of the white blood 
cell count was observed 7 days following 
the oral administration of 50 mg. of folic 
acid It should be emphasized, however, 
that thiouracil had been discontinued at 
the same time that folic acid was begun 
see Case 16, Table 3). 

9. Seven cases of idiopathic leukopenia 
have been studied. These cases were not 
suffering from the lack of any known 
nutritional factors, had not been exposed 
to any material known to be toxie to the 


following the administration of oral folic 
acid. Despite these responses this patient 
ultimately died and the leukocytosis 
although apparently associated with foli 
acid administration was not permanent 
The final counts lapsed to their forme 
levels despite continuation of treatment. 

10. Two cases of leukemia have beer 
given folic acid. Case 24, a patient wit! 
chronic lymphatic leukemia, was give! 
folic acid because of leukopenia induce: 
by Roentgen radiation. At the start of 
folic acid treatment his count was 2600 
Four days after receiving folie acid (tota 
amount 20 mg.) his white blood cell count 
had risen to SOOO per c.mm. A _ second 


course of folic acid given 1 month late 


CP 


RENAL INSUFFICIENCY 


I25177 


RED BLOOD COUNT 
HEMOGLOBIN 

S RETICULOCYTES ----x 
a 
5 4828 
Oo 37 
wines 
548484 

aa) 

O 
335 a3 
O 


DAYS > lO 15 20 25 


| FOLIC ACID 


SOMG QD | 


CHART 4. 


bone marrow and on physical examination 
did not have palpable spleens. Despite 
numerous diagnostic tests, no satisfactory 
diagnosis could be established. As can be 
seen from Table 3 no apparent beneficial 
effect can be attributed to the administra- 
tion of folic acid in these cases with the 
possible exception of Case 19, Chart 5. 
This child showed a slight, but detectable 
leukocytic response on at least 2 occasions 


Failure to respond to folic acid in a case of anemia of 


renal insufficiency. 


had a slight effect on the white blood « 
count (see Case 24, Table 3, Chart 6). 
Case 25 was a patient with acute myelo- 
blastic leukemia who received 20 mg. of 
folic acid daily over a period of 23 da 


Although there was a transient rise in t 
hemoglobin and red blood cell count { l- 
lowing administration of this drug, thie 
patient succumbed 4 months after thie 
onset of the disease. 
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11. Nine cases of leukopenia resulting 
m Roe ntgen radiation because of varl- 

types of malignant disease have been 
d 
feet noted on the level of the white blood 


In none of these cases was any 


count following folic acid administra- 
n Chart 7 is representative of this 


ative effect see also Cases 26 to 34, 
ble 3 


Discussion. 1. 
best results of folic acid therapy were 


In our series of cases 
‘tained in cases of pernicious anemia in 
Chart 1) 
response parallelled, but was 


ipse (see In general, the 
matologi 
identical with, the response obtained 
er-treated cases. These differences 
e been pointed out by others, Amill 


Wright,®? and Frommeyer and Spies, 


Meyer who have shown that the 


able temporary effect on the white blood count in a case of idiopathic 
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administration differs from what might 
be expected following the administration 
of active liver principle. Chart 8 shows 
this difference very clearly. In 5 cases of 
pernicious anemia treated with folic acid, 
the mean reticulocyte curve was not as 
high as was obtained in a comparable 
group of cases of pernicious anemia treated 
The chart also 


shows that in the folic acid treated group 


with potent liver extract. 


the reticulocytes tended to remain elevated 
over a longer period of time. 

Recently Frommeyer and Spies* and 
Heinle and Welch'® have observed that 
folic acid may not control the neurologic 
In 


fact neurologic relapses have developed 


manifestations of pernicious anemia. 


during folic acid administration. Although 
we have had no experience with the pro- 


longed treatment of pernicious anemia 
NHI ss 
Ne 
A 


leukopenia 


in an infant. 


ticuloc vte response following folic acid 
64 
Ps, 
J 
j 
/ 
4 
Rew 
The 


a 
{ SMG Qo 


effect of folic acid upon a ease of chronic lymphatic leukemia in which leukopenia 


resulted from Roentgen treatment. 
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with folie acid it has been observed by us 
that the pare sthesias so characteristic ot 
se show little tendency to clear 


this 


following administration of this drug (see 


Case 9 The answer to this interesting 


problem will have to await further study. 
) 


2. In this group of cases of pernicious 
anemia, Case | was of particular interest 
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folic acid-iron preparation which was latet 
proved to be low in folic acid activity 
The iron caused diarrhea and thereby 
might have impaired the absorption ol 
folic acid given by mouth. This fact was 
supported by the observations that no 
reticulocyte increase Was detected and 


that the bone marrow remained megalo 


to u This patient received a combined blastic in type. 
in IRRADIATION LEUKOPENIA 
AH 237578 
9 NOTE PATIENT RECEIVED wBc 
300 R OVER TEN DAY PERIOD NEUTROPHILES a 
8 PRIOR TO FIRST COUNT LYMPHOCYTES ee 
7 
6 
/ 
4 
3 
2 
5 25 
8 L FOLIC ACID 15 MG J 
I o respond to f di ‘ mi ‘ 
Roe 
A COMPARISON OF THE MEAN RETICULOCYTE RESPONSE 
IN FIVE PATIENTS TREATED WITH INTRAMU: LAR 
LIVER EXTRACT AND ORAL OR INTRAMUSCULAR FOLIC ACID 
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true that in some cases of pernicious 
1 the iron stores may be depleted, 
ce this is not the fundamental defect 
disease it seems unwise to jeopardize 
orption of folic acid by the use of a 


ation of this drug with iron (see 


The ti 


been reported by 


ivorable effect of folic acid upon 
Darby and 
and Spies, Menendez ct al.'® who 
hown marked hematologic and clini- 
nprovement in patients who were 
For experimental 
es their patients were placed on 
w in protein and poor in vitamin B 
and were then given folic acid. 
pt clinical and hematologic improve- 
occurred. Their patients gained 
th and we ight, exhibited a pronounc- 
ticulocyte response and experienced 
ation of their distressing bowel com- 

Except for failure to produce a 
te response, single 


our Case 


similar tendency to improve 
It can 
that the patient’s red 
Perhaps the 


ng folic acid administration. 


cell count rose slowly. 


why a more striking hematologic 
ement was not noted was because 


tient was not profoundly anemic 
the 


ement was quite satisfactory. 


admission. However, clinical 
he mere existence of a macrocytic 
1 does not imply that there will be 
ficial re sponse to folic acid. For 
le, the 3 cases of macrocytic anemia 
S and 9) 


no response to folic acid adminis- 


etermined origin (Cases 7, 


No elevation of the reticulocyte 
or the blood cell 
In our experience, 
21 


red count was 
n these cases. 
e*4 xperie nee of others, a the seem- 
requisite for a beneficial response 
acid on the part of the red blood 
eture 


the 


is a megaloblastic arrest as 
bone marrow. This may not 
n all cases but for the present at 
is observation seems to be correct. 
been 


the ries have 


the 


umerous pro- 


d as mechanisms of the 


to 
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production of anemia in chronic nephritis. 
Hematuria, bleeding into the tissues, hem- 
olysis, loss of albumin, dietary deficiency 
in protein, direct toxic action on the bone 
marrow, insufficient blood regeneration, 
have all been implicated. Those who have 
studied the bone marrow in this type of 
anemia seem to agree that ultimately there 
is a selective erythroid hypoplasia which 
the 
It is generally accepted that 


in some manner is associated with 
azotemia. 
the severity of the erythroid hypoplasia 
and anemia is correlated with the degree 
and the 


cases early in the course of chronic nephri- 


duration of azotemia. In our 
tis the bone marrow may be normoblastic 
in type but subsequently there is an ex- 
haustion of the erythroid elements and a 
It is inter- 


esting to note in our series of cases there 


tendency towards hypoplasia. 


was a slight but persistent reticulocytosis 
prior to the administration of folic acid. 
In none of the 4 cases in which this drug 
was used was there any hematologic re- 
sponse. We have no good explanation for 
the anemia of renal insufficiency or for the 
reticulocytosis which we have observed in 
this condition. We believe that a more 
for a 
hemolytic factor which may play some 


extensive search should be made 
role in this type of anemia. 

6. It has been stated by Albright ef al.’ 
that patients with Addison’s disease ex- 
hibit a relative neutropenia and lympho- 
cytosis in comparison with normal figures. 
thought to be of 
interest to study the effect of folic acid 
in this condition. 


Accordingly, it was 

No effect was noted on 
either the total white blood cell count or 
the differential formula in the 1 case which 
treated. Although the funda- 
hemopoietic defect 


has been 
mental 
cause leukopenia in Addison’s disease is 
unknown, we would expect that folic acid 
would not correct the neutropenia which 


which may 


sometimes occurs in this condition. 
7. Little is the 
mechanism of leukopenia in Felty’s syn- 


known concerning 


drome. It is known that splenectomy 


does not produce lasting benefit in these 


— 


ADAMS, LAWRENCE: 
cases so that so-called “hypersplenism”’ 
is probably not an important factor. In 
the 1 case which was treated, folic acid 
had no effect on either the anemia or the 
leukope nia. 

8. One case of agranulocytosis result- 
ing from administration of thiouracil was 
studied. The apparent effect of folic acid 
in bringing about an elevation of the total 
white blood cell count in this case, we do 
not wish to attribute to folic acid. It was 
probably the result of removal of the 
patient from thiouracil treatment. The 
evidence is good at the present time that 
folic acid is neither of benefit as a prophy- 
lactic o1 therapeutic agent for the agranu- 


produced by thiouracil. 


low VUosl 

9. Seven cases of “idiopathic” leuko- 
penia have been treated. In 6 cases the 
results of treatment were entirely negative. 
There was no alteration of the total white 
blood cell count or the differential formula. 
In Case 19 (see Chart 5) there seemed to 
be a response to folic acid as the total 
white blood cell count and the number of 
granulocytes increased in number on 2 
separate occasions. However, this effect 
was transitory and the patient ultimately 
succumbed despite continuation of folic 
acid medication. The poor results ob- 
tained in this group are consistent with 
the findings of Doan,* and Spies*® who 
have noted little or no effect of folic acid 
in cases of “idiopathic” leukopenia treated 
with folie acid. 

10. We have treated 2 cases of leukemia 
with folie acid. \s noted under Results, 
Case 24 was a patient with chronic lymph- 
atic leukemia who was given folic acid 
because of a leukopenia induced by Roent- 
gen radiation. The white blood cell count 
returned promptly to high levels (see 
Chart 6 It cannot be said whether this 
represented a true response to folic acid 
or whether it was mere coincidence. 

The second case of leukemia which has 
been studied a case of acute mveloblastic 
leukemia (Case 25)—was given folie acid 
in a leukopenic phase of the disease. De- 
spite an apparent remission characterized 
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by a feeling of well-being and an increas 
in the red blood cell count and hemoglobin 
values, this patient succumbed 4 mont 
after the recognition of his disease. T 
poor result is typical of the findings 
others?’ who have obtained similar « 
servations in the folic acid treatment 
leukemia. 
Case 24, there may be some rationale 


gi\ ing folic acid to those cases of leuker 


suggested 


However, as 


which develop leukopenia in the courss 
Roentgen ray therapy. This, of course, 
cannot be established from the finding 
case. 

11. Many 


shown the importance of folic acid in 


investigators have 


maintaining the normal white blood cell 
count. Considerable importance has also 
been attached to the study of the hi 
ing organisms’ ability to respond to foli 
acid when exposed to certain conditions 
of stress. One of the most important 
of these studies has been the surprising 
observations of Watson, Sebrell, Mekel- 
vey and Daft” who noted the correction 
of leukopenia induced by Roentgen radia- 
tion following the administration of foli 
acid. They reported favorable results in 
7 out of 8 cases so treated, but state their 
results were not conclusive and_ that 
further investigation was indicated. Nin 
cases of leukopenia of this type have been 
treated. In none of these cases have we 
obtained a correction of the leukopenia b) 
the use of folie acid. It is difficult to 
understand how folic acid would be of use 
in correcting this type of leukopenia, but 
it must be admitted that in a certain few 
cases there may be a nutritional factor 
which is in part responsible for the low 
white blood cell counts In these certain 
few cases folic acid may be of some bene 
Summary. 
eases of varying types of blood dy scrasias 
treated with folie acid show that: 1. Folt 


Results of a study of 54 


acid will correct the abnormal blood find- 
ings in cases of pernicious anemia in re- 
lapse. 

2. It is likely that the neurologic mani- 
festations of pernicious anemia are not 


39 
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ecte d by folie acid. 
In pernicious anemia the reticulocyte 
nse in liver treated patients differs 
in folic acid treated 


that obtained 


unwise to combine 


the 


pre vably 


and iron in treatment of 
clous anemia. 

Sprue responded favorably to folic 
administration (1 case). 


macrocytic anemias do not re- 


id to the administration of folie acid. 
se cases in which there is a megalo- 


arrest in the bone marrow, favor- 


results can be anticipated. 
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7. Folie acid did not affect the anemia 
associated with chronic nephritis. 
8. The administration of folic acid did 
not alter the leukopenia associated with 
either Addison’s 


drome (1 case each). 


disease or Felty’s syn- 
9. The apparent effect of folic acid upon 
the level of granulocytes is 1 case of thio- 
uracil agranulocytosis was probably coin- 
cidence for others have reported no effect. 
10. Folie acid had no effect on the leu- 
kopenia of idiopathic states. 
11. No effect 
2 cases of leukemia treated with folie acid. 
12. Folic acid did not correct the leuko- 


beneficial was noted in 


penia induced by Roentgen radiation. 


s gratefully acknowledge the technical assistance of Miss Virginia Stever, Miss Laura B. 


ind Mrs. Mary Archer. 
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Therapeut 


Wer suggested recently® penicillin 
mixture for clinical use which has the 
advantage of prolonged action, high fluid- 
ity, and readiness for injection with an 
ordinary syringe. ‘The standard prepa- 
ration recommended for human use con- 
sists of a suspension of 300,000 u. crystal- 
line potassium penicillin in 1 cc. veg@@able 
oil containing 0.3 mg. epinephrine. This 
is a milky suspension, available in vials 
and ampules, which can be injected with 
a 20 to 21 gauge needle. 

\ clinical evaluation of the efficiency 
of this suspension in cases of male gonor- 
rhea, conducted by Cohn and Kornblith, 
confirmed the advantages claimed.  In- 
vestigations on the activity of this ‘pen- 
icillin composition in other infections are 
in progress: one may anticipate that the 
clinical results will be parallel to those of 
Cohn and Kornblith, 7. ¢., increased activ- 
ity, determined by the repository effect. 

The present paper contains a number 
of observations gained in the course of 
our study; some of these have a general 
interest concerning the relationships (a) 
between dosage and penicillin levels, rate 
of absorption, dosage and animal species, 
size of the individual, etc.; (b) between 
blood and tissue levels; and (c) between 
systemic and local effects of the vaso- 
constrictor. 

Material and Methods. In dog, rabbit 
and man, 1 or 2 cc. of the material was 
injected intramuscularly (if not otherwise 


and hemotherapy, W arner Inst 


tesearch 

stated) into the buttocks. In the rat 0.1 

was consistently injected intramuscul 

Blood samples were withdrawn at var 

intervals after treatment and their peni 

content determined by the serial dilut 
method," using rabbit blood as indicat 
for the 
Group 3. The minimal penicillin concent 
tion which inhibited the growth of this mi 
organism varied between 0.015 and 0.03 


rowth of Stre p. hemolytic is, Ty pe A 


9 


per ce., Which is the usual sensitivity of the 
method. The blood was withdrawn 
the jugular vein of dogs and rabbits, 
the subaxillary artery of the anesthetized 
rat, and from the cubital vein of man. The 
organs of rats were removed after the a1 
was thoroughly bled: their penicillin content 
was determined with the dilution method 
the tissue bray, ground with sand in a1 
tar and diluted with twice its weight in 
phosphate buffer pH 6. 

Results. The fe lowing observations 
are based on approximately 200 exper 


ments on dogs, 120 on man, 50 on rabbits 
and 400 on rats. 

1. INFLUENCE OF THE VEHICLE ON 
BLoop LEVEL. We determined, in the 
place, the influence of the vehicle in w I 
the penicillin is injected on the blood level 
Representative data for the following n 


are summarized in Figure 1: (a) s 

(b) peanut oil, (c) water/oil emulsion si 

to that recommended by Freund and Thom- 
son:® (peanut oil + 25° of a cholest 
ester preparation (Falba or Amerchol) emul- 
sified by the addition of 25 to 50° sal 
(d) peanut oil + 4.8° beeswax, an 
ethyl oleate + 4° beeswax. 
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s that with the penicillin dosages 
clinical practice (200,000 to 300,000 

alone and the water/oil emulsion 
prolongation of the blood level com- 


if t} 
i to the 


administration of aqueous solu- 
This observation is 


equal dosage 


greement with the report of Harris, 
Finland.’ Similarly, aqueous 

ip to 50 does not induce any 
gation of the penicillin level. The 


beeswax mixture, recommended 


exerts, as known, a great 
ng power which is entirely due to its 
ix content 
o ce. of 4 beeswax in ethyloleate 


ng 250,000 u. Ca-penicillin (English 


aration) gave shorter durations than 
00 u. in 1 ce. of 4.8°% in peanut oil. 
shorter duration of the English prepa- 

probably depends on the relative con- 


ge diff 


ation of penicillin per ee. as the experi- 
ngar™ suggest rather than on the 
erence. 


THE VASOCONSTRICTOR 
After hav- 


[NFLUENCE 


ON BLoop LEVEL. 


established the influence which the char- 
f the vehicle exerts on the absorption 
lof u tramuscularly injected penicillin, 
ect vasoconstrictors incorporated 


he various media was studied. 
early part of the investigation, we 


ed that extremely small doses of 
ephrine incorporated in the emulsion, 
he oil, induced a very definite prolonga- 
of the 


blood level. Since a mixture of 


cillin and epinephrine can be prepared 


+ 
Sta 


ble oily suspension, we determined 


experimental animals the quantitative 


ephrin 


on between the duration of penicillin 
and the epinephrine content. 
2 \ prolonging action of 0.01 mg. 
on the duration of the blood 
vas already noticeable; this action in- 
es with increasing epinephrine dosage, 
dosage (0.2 to 0.3 mg.), 
a further increase of epinephrine is 
ut effect on the duration. The ceiling 
prolonging effect of the vasoconstrictor 
t depend on a maximal ischemic reaction 
surrounding tissue. 
an we compared the effect of 0.25 mg. 
mg. epinephrine given subcutaneously 
300,000 units penicillin in 1 ee. oil. 


‘ 
a celung 
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The differences found in duration were in 
the range of the individual variations. Thus 
it seems that this ceiling dose for the local 
effect of epinephrine is the same in man as 
in dog. 

3. INFLUENCE OF THE PENICILLIN DOSAGE 
(In Vasoconstrictor). The blood 
level curves seem to indicate that following 
penicillin administration in oil containing 
vasoconstrictor the duration of the blood 
level increases proportionately up to only a 
certain penicillin dosage. This ceiling dosage 
is approximately 200,000 u. for the dog and 
300,000 u. for man, which in the 2 species 
gives a | day level. 

In man, by increasing the intramuscular 
dose from 200,000 to 300,000 u., the length 
of the blood level is increased by 5 to 
9 hours, while the increase of duration is 
only from 15 to 3 hours when the 300,000 u. 
dose is brought to 600,000 u. This increased 
dosage induces, however, without substan- 
tially influencing the duration, blood pen- 
icillin curves running at higher levels. 

The blood levels following the adminis- 
tration of penicillin in oil with vasoconstric- 
tor are quite high for a prolonged period 
(10 to 15 hours), after which the progressive 
descent of the blood curve starts. Figure 3 
shows the great increase of the blood levels 
in man during the first 15 hours following 
the administration of penicillin in oil + 
vasoconstrictor as compared to saline. 

Similar are the observations on dogs. By 
increasing the 200,000 u. dosage to 300,000 u. 
the average duration increases from 18} to 
22 hours; by increasing it to 400,000 u. the 
duration reaches up to 24 hours. 

In dog, as in man, by the use of an oily 
vehicle with vasoconstrictor high initial 
blood levels were maintained for long periods, 
generally for over 10 hours. The following 
examples illustrate the extent of this high 
initial “plateau:” 


Dog No. 2039—weight 9.6 kg. 
Injected with 200,000 u. potassium pen- 
icillin in 1 ec. oil and 0.05 mg. epinephrine: 


Serum levels 


Hours after injection (units/ec.) 
2} 4.0 
4} 12.0 
64 4.0 
16 0.5 
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Doa No 2056 weight é kg. 
Injected with 300,000 u. potassium pen- 
icillin in 1 ec. oil and 0.2 mg. epinephrine: 


S m level 
H fter injection s/¢ 
l 9 0 
> 20 0 
7 O 
17 1.0 


The same dog, No. 2056, injected with a 
higher dose, 7. e., 400,000 u. crystalline potas- 
sium penicillin in saline, has, in contrast, the 
following concentration: 


m levels 
H ct nits/cc.) 
] 9.0 
9 
7 0 03 
84 UO 


Two other important facts are visible 
from these examples, namely, that in the 
dog at least, following the injection of 
penicillin in oil with vasoconstrictor, the 
blood concentration reaches the same 
height as that obtained with penicillin 
injected in saline, though the appearance 
of the peak is delayed. In the examples 
presented, the peak effect is reached 3 to 
45 hours after injection of the oily sus- 
pension with vasoconstrictor. This value 
represents the average recorded in our 
various experiments: minimum 2 hours; 
maximum 7 hours. 

In our animal experiments we do not 
find any impressive differences between 
various penicillin salts (crystalline potas- 
sium and sodium penicillin; amorphous 
calcium penicillin) when suspended in oil 
epinephrine medium in regard to the dura- 
tion of the blood level. However, a some- 
what shorter duration following intra- 
muscular injection of calcium penicillin 
into man is found by Dr. Queally in com- 
parison to that seen with the crystalline 
potassium salt. (The durations with Ca- 
penicillin in man are similar to those ob- 
tained with commercial preparations of 
Ca-penicillin in peanut oil containing 
1.8% beeswax.) This finding is in agree- 
ment with various reports concerning the 
shorter blood level following administra- 
tion of the amorphous calcium salt of 


penicillin compared to the crystallin 
material administered in this mixture 
The particle size of the crystalline materia 
has no influence on the duration in dog 
injected intramuscularly with 300,000 u 
This is at variance with the results report 
ed for the liquid POB mixture, and simila 
to the findings with the solid mixture. 

4. Bioop LEVEL IN DIFFERENT SPECIES 
The duration of the demonstrable blood pe1 
icillin level is approximately the same i 
man and dog, if equal doses (300,000 t 
600,000 u.) of potassium penicillin in o 
epinephrine are given. Accordingly, the 
minimal dose required to obtain a 1 day 
duration calculated on the basis of bod 
weight is inversely proportional to the siz 
of the species. For the rat this dose 
100,000 u. per kg.; for the rabbit about 
30,000 u. per kg.; for the dog 25,000 u. pe 
kg.; for man 4000 to 5000 u. per kg. 

Generally speaking, it is not the relati 
but the absolute dose injected which deter- 
mines the prolongation of the penicillin 
effect. This is particularly apparent in 
observing the duration following the injec 
tion into dogs of doses used in human 
therapy. 

The same total amount of penicillin 
absorbed during an approximately equal 
time period—considering a fairly similar 
rate of elimination—results in higher blood 
concentrations in the species of smalle: 
size. This statement is based on the 
figures of Table 1. 

The individual variations are as wid 
in experimental animals as in man. For 
instance, in dogs treated with 300,000 u 
(in 1 ec. oil + 0.2 to 0.4 mg. epinephrins 
the shortest blood level is 16 hours dura 
tion, the longest 26 hours. In mar 
treated subcutaneously with 600,000 u 
the shortest duration is 18 hours, tl 
highest so far recorded over 25 hours. 

5. DURATION OF PENICILLIN IN TISSUE 
The urines of the subjects treated with pe! 
icillin in oil with vasoconstrictor contia 
relatively high amounts of penicillin aft 
the drug ceases to be detectable in the bloo: 
The following example is characteristi 
3 male subjects treated Tuesday 10 a.M., wit 
300,000 u. in 1 ce. oil containing 0.3 m 


HOURS 


| 


N 
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DURATION OF PENICILLIN SERUM LEVELS /N DOGS 
FOLLOWING INTRAMUSCULAR INJECTION OF PENICILLIN 


21 IN VARIOUS VEHICLES 


I> >= z 2 = 

| 3 3 

° ° ° 

19 | ° 


425000 


OL =WATER-O/L 
O/L + EPINEPHRINE EPINEPHRINE 


WATER- OIL PEANUT ETHYL OLEATE 
+B%BEESWAX 4 %BEESWAX 


0.2™G6 0.05-0.1MG. 


Fig. 1 


INFLUENCE OF THE EPINEPHRINE DOSAGE 
ON THE DURATION OF PE. NICILLIN SERUM 
LEVELS IN DOGS COCSAGE- 200.000 UNITS INTRAMUSCULAR) 


| 


| 
| 


PEANUT OIL” Q005 0 .O/ 0.05 0./ 
PEANUT Oil” PLUS EPINEPHRINE IN MILLIGRAMS 
Fic. 2 


= 
Thi 
log 20 
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rt | 
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epine} e; 7 hours after injection: blood oil containing 0.06 me. epinephrine give! 
el 0.65, urine 375 to 600 u.; Wednesday 3 hours before injection protected the major 
NOON samples negative; urine samples: ity of mice. This is a high degree of pr 
U. Der Thursday NOON: O.1 u phvlactie effect pared to tl at OF al 
pe LP This delayed elimination aqueous solution, which gives no protection 
the urine een to be a ae n at all in doses of 2000 u per 20) om 
( i eteristic repositorv lin 
ti ot ep t \ certain improvement in the protectin 
al tration, since sin ilar opservations 
’ 77 4 effect was noticed also using peanut oil sus 
e] eported for the peanut oil beeswax 


t vy R ky pensions of penicillin To obtain this effec 

ire by : : 
however, the doses of penicillin required a1 
Che presence of penicillin in the urine ; 


17 2 times higher thar in the presence of 

after the blood became negative led us 
vasoconstrictor. 
nan Investigate its duration in the tissues h Experimenta Rabbit Suphils Ra 
ts on rats reve: at tl - 
Experiment 7 ro reveal that the dura hits with acute testicular lesions. infected 
vion of the pen illin level is much more deseribed bv Ereoli ar d_ Lafferty.‘ wel 
prolonged in the liver and kidney than in — treated intramuscularly with various dose 
ne od See Fig. 4 of penicillin in oil with epinephrine 
1.0 AVERAGE SERUM _CONCENTRAT/ION/N MAN 


FOLLOWING INJECTION OF PENIC/LL/N /N 
SALINE AND PEANUT O/L PLUS VASOCONSTRICTOR 


; 


> 
~ 005 
= 
& 
= 
~ 
2 3 5 6 7 8 9 10 12 13 1+ 1s 
HOURS AFTER INJECTION 
Fy 

6. CHEMOTHERAPEUTIC ACTIVITY IN FXx- The smallest dose used, 1 single injectio 
PERIMENTAL INFE« TIONS a Pneumococcus with 10,000 to 25,000 u. per kg., induced rap 
1 jp I] The duration ol the prophylactr disappearance 6 to 12 hours of the spir 
erect ol irious doses of penicillin in oil 4 chetes and regression of the s\ philitic lesic 

isoconstrictor was compared with that fol (4 to8 days in all 6 rabbits treated. Fi 
lowing administration in saline or in oil the quantitative evaluation of curative a 
ilone. tivity we must await the results of tl 

Mice were infected intrap ritoneally with lymph node transfer 
1000 lethal doses of pneumocoecus 6302. as 7. PHARMACOLOGIC Fv A\LUATION OF VAs 
leseribed by Buck and Schnitzer,! at various PRESSOR ACTION. As known,! the oil 


ntervals after subcutaneous treatment. vehicle interferes with the intensity of tl 
Doses of 500 u per 20 gm. injected in 0.5 cc. svstemic action of epinephrine We re 


~ aA 
~ OA 
~ 
x ™ 
| 
“Sey 
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ibsence of vasopressor activity 
enicillin preparations containing 


0.8 epinephrine, 7. e., twice the 
ned in the standard preparation. 
rge number of tests on anesthetized cats, 
1 out by Dr. R. J. Schachter, with 
is irmacologie methods, showed 
the tramuscular injection of 2 mg. 
l ce. onl, corresponding to 
0.7 mg. per kg. cat, does not produce 
nerease of blood pressure. nity 
wing the site of the intramuscular 
tio! in increase of 7 to 32 mm. in 
tid blood pressure obtained when 

f 0.5 to 1 mg., or higher, are used. 


Discussion. Injected in oily suspension, 
effect of epinephrine on the blood 
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nite amount. The “ceiling duration dose” 
for epinephrine is approximately 0.2 mg., 
i the 


The existence of a ceiling dose 


while for penicillin it varies with 
species. 
for epinephrine is apparently related to the 
production of a maximal ischemic action 
on the surrounding tissue. It is more 
difficult to advance reasons for the “ ceiling 
duration of This is 


probably determined by various factors: 


dose’”’ penicillin. 
an end-point in the epinephrine effect, 
the 
additional 


material, 
An 


factor might be represented by the rate of 


the dispersion of the oily 
instability of penicillin. 
absorption of penicillin from the deposit. 
There is some justification for the assump- 


ure noticeably diminished, while — tion that the fraction of penicillin absorbed 
Ts PENICILLIN SERUM AND TISSUE LEVELS IN RATS 
\ FOLLOWING INTRAMUSCULAR INJECTION OF POTASSIUM 
\ PENICILLIN IN PEANUT O/L PLUS VASOCONSTRICTOR 
\ 
\ DOSAGE = 5000 UNITS + 0,1MG_ EPINEPHRINE 
iN 0.166. PEANUT O/L-PER GM. RAT 
a 
a 
a“ 
| 
6 7 9 40 tt 12 13 14 15 17 16 19 20 21 22 23 2425 26 27 26 
HOURS AFTER INJECTION 
4 
lelaying action on the absorption of in equal time intervals does not change 
illin remains extremely high. The with the absolute amount of penicillin in 
effect which depends on a local the tissues, when given in oil epinephrine. 
emic reaction, appears with doses of | Supposing that half of the penicillin pres- 


» to 0.1 mg., 7. e., about one-twentieth 


yne-fortieth of the dose required for 
ting a systemic vasopressor action. 
he duration of the blood level cannot 


prolonged beyond a certain ceiling 


od (26 hours) by increasing the dose 


pinephrine and penicillin above a defi- 


ent in the tissue is absorbed in 2 to 3 hours, 
the redoubling of the dose would cause 
an increase of the duration by 2 to 3 hours 
only. 

With the larger relative doses required 
to produce an equal duration in the smaller 
species, the amounts of penicillin absorbed 
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during the same time period are corre- 
spondingly larger and this obviously brings 
about higher blood concentrations. In 
fact, the relation in the peak concentra- 
tions reached with a 300,000 u. dose, 
which gives a 1 day duration in man and 
in dog, is proportional to their weight 
differences: 0.5 to 1 u. in man, 5 to 20 u. 
in dogs. Similarly, an increase of dosage 
from 300,000 to 600,000 u. in man results 
in correspondingly higher blood levels. 
These differences in duration, according 
to species and relative weight, are impor- 
tant from a methodologic standpoint: one 
has to consider them when the prolonga- 
tion obtained with a new preparation is 
interpreted. 


of the initial high concentrations. 

The therapeutic value of this “ plateau 
of high blood levels appears from the fol 
lowing consideration based on the clinic; 
results of Cohn and co-workers in thi 
treatment of vonorrhea. The active intra 
muscular dose which cures practically a 
(97%) cases of male gonorrhea is 0.5 e 
of our standard preparation correspond 
ing to 150,000 u. of penicillin.® The 
“duration” of detectable blood level. fol 
lowing such an injection is from 8 t 
900,000 u 
of penicillin injected in saline results, o1 


12 hours. Twice this dose 


the other hand, in an unsatisfactory cur 
rate,? though the duration of the d tectah 


blood level is similar, Sto Y hours, and 


TABLE 1 PEAK SERUM CONCENTRATIONS IN anp Man FoLLOwInG INTRAMUSCULAR 
ADMINISTRATION OF PENICILLIN IN SALINE AND IN PEANUT O1n PLUS VASOCONSTRICTOR 
AY Dos 
I Serum leve s n ley 
Units per kg. Vehicle nits per I \ Der 
200.000 2800 Saline t 20.000 Salins 5 0-20 0 
Oil + Vasocon Q.3-1 .25 Oil + Vasocon. 12 5.0 
300,000 1200 Saline 254 30,000 Saline 10.0 
Oil + Vasocon. 0.6 Oil + Vasocon 12-10 0 
400.000 5700 Saline j 10.000 Saline 10 0-20 0 
Oil + Vasocon 0.6-1.25 ) V asocon 2.5-10 .0 
* The serum levels are the averages of a large number of determinations 
i In man the initial maximum concentrations in saline were not determines Che initial transit 
peaks correspond to 4 to 5 units per cc.® 


The experimental work on rats reveals 
that the prolongation of the penicillin in 
the organs, liver and kidney, outlasts by 
long periods the duration of the demon- 
strable blood level following injections in 
oil with vasoconstrictor. One might as- 
sume that the penicillin present in the 
organs—after its presence in the blood is 
no longer detectable is of some therapeutic 
significance. A certain number of experi- 
ments carried out in this laboratory would 
indicate that the accumulation of penicil- 
lin in the organs, such as observed follow- 
ing treatment in oil with vasoconstrictor, 
cannot be obtained with high doses of 
penicillin given repeatedly in saline. 

The experimental data suggest that the 
therapeutic advantages of the new pen- 
icillin preparation investigated depend on 
the protracted duration of the antibiotic 
in the tissues, and on the long “ plateau”’ 


the initial very transitory peaks are evel 
higher. 

Therefore, a comparison of the “dura 
tion” of blood levels with these 2 treat 


ments does not provide a satisfactor 


explanation of the therapeutic difference 
The curative effect of the 150.000 u. prepa 
ration, in contrast to the 300,000 u. giver 


in saline, is due probably to the plateau 
effect at relatively high blood level 


Chis conclusion is in agreement with the 


data of Buck, Ercoli, Kelly, Lewis an 
Schnitzer? in experimental pneumonia 


‘ 


‘the very high initial peak which wa 


only observed after parenteral administr: 
tion was of lesser significance than tl! 
consistent level of comparatively low co1 
centration to be found in the serum dui 
ing the hours following the subcutaneou 
as well as the oral administration.” 


The more prolonged retention of tl 


PROPERTIES OF PENICILLIN 
cillin in the organs, as indicated by 
urine levels, is probably an additional 
or responsible for the increased thera- 
tic effectiveness of the suspension in 
with vasoconstrictor. 

Summary. 1. The the 
ectable penicillin blood level is not sig- 
200,000 to 
are injected in oily suspension 
The 


ery small doses of epinephrine 


duration of 


eanth increased when 


100.000 u 
emulsion, as compared to saline. 
tion ot 
the oily suspension gives a noticeable 
rease in the blood level duration. 
The 


nephrine is diminished by the oil, with 


systemic vasopressor activity of 


result that small fractions, one-twen- 
to one-fortieth, of the therapeutic 
nephrine 


els 


Compared to the approximately on 


dose prolong the penicillin 


wish to express their appreciation to Dr. R 
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day duration of the blood levels, the urines 
of the subjects treated with 300,000 units 
of penicillin (in oil + 
contained penicillin up to 25 to 3 days. 
In experimental animals, it was found 
that the treatment with this penicillin 
preparation gives about 2 


vasoconst rictor) 


times longer 
durations in the organs than in the blood. 

1. The quantitative aspect of the blood 
level curves in relation to the dosage was 
studied. It is assumed that the improved 
therapeutic activity depends on the pro- 
longation of the penicillin content in the 
organs and on the initial “ plateau”’ levels 
in the blood. 

5. Prophylactic experiments in mice in- 
fected with pneumococcus Type II indicate 
also an increased duration of therapeutic 
effectiveness of the penicillin preparation 
in oil and vasoconstrictor. 


J. Schachter for a number of blood pressure 


to Dr. F. Queally of the Medical Division of William R. Warner & Co., for many experi- 


to Drs. A. 


volunteers, 


Cohn and B. A. 


Kornblith for sending blood samples of their 


to Miss Margaret Whitehead for invaluable assistance in the bacteriologic work. 
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K VER since the ffectiveness ot penicillin 
therapy of gonorrhea, by repeated admin- 
istration of aqueous solutions of the drug 
was established in 1943,°7 numerous at- 
tempts have been made to reduce the 
treatment to a single injection.’ Various 
vehicles known to prolong the duration 
ot penicillin effect have been used for 
this purpose.*!° The water-in-oil emul- 
sion proposed by Freund and Thomson? 
gave in our experience! satisfactory thera- 
peutic results as did the beeswax-in-oil 
mixture according to Rom: nsky. 

The se preparations have, however, a 
certain number of shortcomings for the 
practitioner. The beeswax mixture is 
thick and becomes a resinous uninjectable 
mass if any moisture reaches it. The 


beeswax occasionally produces foreign 
body reactions and local abscesses.'! The 
practical disadvantage of the material 
pre\ ously studied by wo, @ €., the penicil- 
lin water-in-oil emulsion, is that the emul- 
sification process has to be done by the 
physician himself, with sterile materials, 
and the emulsion requires refrigeration. 
The mixture used in the present clinical] 
investigation proved satisfactory in overT- 
coming the disadvantages of the preceding 
preparations. It consists in a suspension 
of crystalline penicillin-in-oil containing 
epinephrine. It is stable at room tem- 
perature and after brief shaking of the 
ampoule is ready for aspiration and injec- 
tion: it flows readily. The data relating 
to the prolongation of blood levels in ani- 
mals and man were presented by Ercoli, 


Hueper, Landis, Queally and Schwartz 


We treated a total of 300 cases of mal 


gonorrhea with this pre] aration Th 


therapeutic results are reported in thi 
communication 


I. DraGnosis, TREATMENT and DETEI 


MINATION OF CURI The cases treated 


were 300 consecutive male ambulatory 
patients with acute ronococc infection 
The diagnosis Wwas 
bacteriologic examinations of urethra 
smears and cultures. The 


was injected intramuscularly into the but 


tocks or subcutaneously into the uppet 
outer quadrant of the olute al region. For 


the major portion of the investigation a1 

ampoule containing 300,000 units of pota 

sium penicillin and 0.3 mg. of epinephrin 

in 1 ec. of a vegetable oil was used. The 


doses injected varied between 0.25, 0 


and 1 ec. Only exceptionally were 2 c¢ 
doses used. 
The criteria of cure were the following 


) 


1) the absence of urethral discharge; (2 
clear urine in the “2 glass” tests; (3) : 
least 2 negative cultures of both urethr 
and prostatic secretions during a perio 
of at least 2 weeks 37 cases In th 
majority of the cases followed up con 
pletels 117 out of. 154), 3 prostatic cu 
tures were taken during a_ period ¢ 
3 weeks. Peizer’s medium was used f 
cultures; the identification of gonococet 
was confirmed in each case by sugar fe 
mentation tests. 

I]. THERAPEUTI 


300 patients injected with various dos¢ 


RESULTS. Out 


* The material used in this study was made available to us by the courtesy of Warner Institut« 


Therapeutic Research, New York, N. Y. 


established routine 


preparation 


A 
0 
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preparation investigated, a total of 


ould be followed up for 2 to 3 weeks, 
e final determination of cure. The 
ng 146 cases were delinquent 


The results of treatment with 


rent dosage are given in Table 1. 


PENICILLIN 
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tration of 0.25 cc. per 75,000 units dose 
was successfully treated with 0.5 ce. per 
150,000 units, given by single injection. 
(The last case of relapse following the 
75,000 unit treatment was delinquent.) 
After probable cure and admitted sex 


SINGLE INJECTION TREATMENT OF GONORRHEA WITH A SUSPENSION OF PENICILLIN 
IN CONTAINING E-PINEPHRINI 
| ephrine Penicillit 
me Oxford nit No. case No. cured No. failed 
Intramuscular Administration 
9 0 06.0 15 75,000 2 1 1 
015 0 50 150,000 15 14 1 
01 200,000 19 19 0 
) 03 300,000 7 7 0 
0 6 600,000 4 4 0 
Subcutaneous Administration 
?. 0 06 015 75.000 7 6 1 
9 0 15 0 50 150,000 54 52 2 
ray 0 25 0 30 300,000 11 11 0 
0 60-2 00 600,000 5 5 0 
{a | al 154 149 5 
ippears that a single injection of exposure, 9 cases were diagnosed as rein- 


of the oily suspension, containing 


QCO units of penicillin and 0.15 mg. 
inephrine is sufficient to cure gonor- 


nfection in the male. The bacterio- 
ind clinical examination of 100 pa- 
o treated and followed up for 2 to 
of 97%. 


3 cases which relapsed showed 


eks indicated a rate 


of the 


cure 


tory negative bacteriologic findings 

period of 24 hours and relapsed 
thereafter. Since these patients defi- 
denied any exposure, a diagnosis of 


e was made. 


ngle injection with 0.25 ce. of the 
ion containing 75,000 units and 


0 0.15 mg. of epinephrine cured 7 
9 patients. In spite of the small 
er of patients in this group, it is 
to conclude that 


ibli this dose is 


ient for therapy. A single injection 
or 2 ce. of the suspension containing 
200,000 to 600,000 units cured all 
es followed up. 

noteworthy that 3 cases which re- 
following treatment with 0.5 ec. per 
1) units dose responded promptly 
econd injection of the same dose. 
e of relapse following the adminis- 


fections. Five of these cases were re- 
treated with the original dose used, 7. ¢., 
0.5 ec. per 150,000 units in 4 cases and 
1 ce. per 200,000 units in the fifth case. 
All these patients were promptly cured. 
The 4 remaining cases were delinquent. 
Immediate reaction to intramuscular 
injections of the suspension were similar 
to those observed when aqueous penicillin 
They 


burning painful 


solutions are injected. consist 


chiefly of a transient 
sensation which began about 20 seconds 
after the injection and lasted for about 
2 to 3 minutes. Sometimes it radiated 
downwards, to subside gradually within 
5 minutes. Subcutaneous injection pro- 
duced no radiating pain, but in some cases 
a transitory 2 to 3 minutes’ painful burn- 
ing sensation was felt. The site of injec- 
tion was examined repeatedly during the 
course of the follow-up period and no local 
infiltration or other 
found except in 2 patients who developed 
indurations which 
One of these 
patients was treated with a very high dose 


2 mg. in 2 ce. 


abnormalities were 


3 em. subcutaneous 


lasted for about 28 days. 


of epinephrine; 
Among 15 patients whose blood pres- 


| 
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taken before and after the 
administration of varying amounts of the 


sures were 


mixture containing epinephrine, 8 showed 
no rise or fall in blood pressure. Six 
patients showed a drop up to 16 mm. of 
mercury within 15 minutes of the injection 
and 1 a rise of the blood pressure up to 
14 mm. of mercury. Thus, there was no 
Slgninficant effect on the blood pressure. 
There 


were 2 cases which showed exacerbations 


There was no rise in the pulse rate. 
of a preéxisting dermatophytosis and Tinea 

Discussion. The foregoing observations 
indicate that the minima! effective dose 
for the treatment of gonorrhea by single 
injection with a preparation of penicillin 
in an oily suspension containing vasocon- 
strictor, consists of 0.5 ec. of the oily SUuS- 
pension containing 150,000 units of crys- 
talline penicillin and 0.15 mg. of epineph- 
followed this 
A second injection with the same 


rine \ cure rate of 97% 
dosage 
dosage likewise cured the 3 relapsing cases. 
There 


treated 


were no relapses in the 46 cases 

with doses higher than 150,000 
units 

Our present results of therapy compare 
favorably with those following the admin- 
istration of 150,000 units of penicillin in 
1.5 ec. of a water-in-oil emulsion (cure 
rate 96.2%)! and with multiple injections 
ot penicillin in aqueous solution (cure rate, 
96.5 to 100% 

The prolongation of the penicillin effect 
by using epinephrine-in-oil as a_ vehicle 
for penicillin’ is probably responsible for 
the excellent therapeutic results. Com- 
paring our clinical findings with the figures 


on blood levels given by Ereoh., Hueper, 
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Landis, Queally and Schwartz, it would 
seem that the therapeutic dose of 150,000 
units yields detectable amounts of pen- 
icillin in the serum of the patient fe 
period of approximately 12 hours. 
observation that the relapses are as s¢ 
tive to treatment as the initial infec 
cannot be explained in the light of our 
present knowledge. It indicated, in 
event, that the relapse strain is certa 
not becoming resistant to penicillin. Th 
observation limited to a small, statistic 
insignificant number of cases. deserves 
further study for its broader significance 
of the relation of penicillin effect upo! 
relapsing infection. 

Summary and Conclusions. 1. || 
study was directed toward the evaluatior 
of a single injection treatment of gol 
rhea with a suspension of potassium pe! 
illin in oil containing epinephrine. 
150,000 
or subcutaneously, in a 
cured 97 of 100 pa- 
tients. The3 patients who did not respond 
to the 


2. Single injections of 
intramuscularly 
total volume of 0.5 ce. 
initial injection were promptl) 
cured with a second injection of an identi- 
cal amount of penicillin. 

3. All of 19 patients who were treate 
with 200,000 units in 1 ce. intramuscular) 
were cured. Likewise all of 18 patients 
treated with 300,000 units in 1 ee. and al 
of 9 patients treated with 600,000 units 
in a total volume of 2 cc. responded to this 
form of therap) 

1. No untoward local or systemic reac- 
tions were observed following the subcu- 
taneous or intramuscular injection of the 
suspension of crystalline potassium p 


cillin in oil with epinephrine. 
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THE EFFECTIVENESS OF PENICILLIN IN THE TREATMENT OF 
NASOPHARYNGEAL DIPHTHERIA 


By Epwarp W. 


PHILADELPHIA, 


[uk early investigation of penicillin for 
use revealed its effectiveness 

the Corynebacte diphthe 
efficacy of penicillin in the treatment 
htheria has not been as fully studied 
other diseases. Furthermore, con- 
still exists concerning the clinical 
of penicillin in diphtheria. The 


rat 


ve paucity of clinical material 

; responsible ; the presence 
e diphtheria toxin has also compli- 
the problem. 

paper deals only with the manage- 
of the early case of nasopharyngeal 
heria From the data presented, it 
uuight that some conclusions can be 

regarding the efficacy of penicillin 

realized that all 

studied had been previously 


ment It must be 
itient 
nized according to the prescribed 
Schedule. Initial immunization 
een completed on all cases included, 
the dates thereof and the dates of 
ter’’ injections are not known. 
Procedure. The case material was col- 
ver an 8 month period, from Septem- 
16 to May 1947. The patients in this 
ere young men in the United States 
ccupation forces deployed in the gen- 
1 surrounding Frankfurt a/M, Ger- 
The hospital in which the patients 
tudied was the 97th General Hospital 
Frankfurt. 
osis. All cases diagnosed as diph- 
nasopharyngeal) had the usual his- 
acute sore throat, though varying 
intensity. General malaise and 
ec complaints were usually present. 
sical examinations revealed evidence 
pharyngitis. Briefly, there was usu- 
rythema and congestion of nasal 
s. The pharynx, palate, tonsils, if 
and surrounding tissues showed 
and edema. The close-fitting, 


Bixpy, M.1.* 
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smooth, gray membrane described as typical 
of diphtheria was seldom seen. Every case 
herein reported, however, had a_ positive 
nasal and/or pharyngeal culture for Coryne- 
bacterium diphtherix; and further, each cul- 
ture reported positive and included in this 
series had a confirmed positive virulence test. 
The severity of the physical findings could 
not be correlated with positive diphtheria 
culture reports, since many patients had a 
coincident follicular or 
tonsillitis. 
Bact riolog 


parenchymatous 


Bacteriologic identification 
of the corynebacterium was done routinely 
by the laboratory. The standard media and 
identification procedures in use throughout 
Army laboratories were employed here. 
Every culture positively identified was 
forwarded to the United States Army 4th 
Medical Laboratory. Here virulence studies 
were done under standard technique employ- 
ing guinea pigs. 
those cases giving positive virulence studies 
are included. 
Summary Card. 


As mentioned above, only 


To simplify the following 
of patients and assembling data, summary 
cards were used. 
the medical service at the hospital for some 
time previous to this study. Since they 
proved to be of much value, a sample is 
shown in Figure 1. 

A total of 139 cases are presented; 88 of 
these received the ‘‘routine”’ treatment: 51 
received the “routine” 
“penicillin early.” 

Type of (a) By “routine 
treatment”’ is meant the following: Bed rest, 
nursing care, necessary sedation and anal- 


These had been in use by 


treatment plus 


Treatment. 


gesia, special diets and the usual general 
medical measures. The specific or local 
treatment consisted of mouth washes and 
gargles prepared of warm water, saline and 
occasionally peroxide. Every case received 
diphtheria antitoxin 100,000 units intramus- 
cularly. The antitoxin was given in each 
instance as soon as a positive culture for 


\t present Medical Resident at the Pennsylvania Hospital, Philadelphia, Pennsylvania. 
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icterlum was reported In some in- 
stances the antitoxin was given before the 
was received 
test not awaited 
giving the antitoxin because of the additional 
In the 


{f the patients sulfadiazine had been used 


ure report The report ol 


the vu ilence Was hefore 


ne interval involved great 


major- 


perore a diagnosis ol diphtheria was estab- 


lished Exact figures on the number of 
patients receiving sulfadiazine not 
knov since the special reference cards did 


How- 


ever, the distribution of patients treated with 


ivs include that information 


sulfadiazine is approximately equal in both 
groups. No penicillin 


ire, eitnel locally or sy stemically 


Was given as a routine 


ATMEN'T 


OF NASOPHARYNGEAL DIPHTHERIA 


veeks plus 4 days I 


and at 4 
cultures 


Was COl 


2 davs, 
last 3 


patient 


taken were negative 
sidered ho longer a Cf 


and was transferred for convalescence o1 


If any 


original one were 


charge. 
positive, 
ceived further treatment as outlined bi 


Following this second positive report, a 


a period of r Vi eeks elapsed before the 
of 3 cultures 2 days apart was repeat 
clearance. 


Results. Routine 7 atiment 


the SS cases treated according to 
“routine” method, 16 showed a po 
culture at the first 2 week interval 


showed a negative culture atl 


Cas Cases 
Fic 1 SAMPLE PATIENTS’ SUMMARY CARD | Dat 
) 
tive D 
| 
iJ N/I J ( 
28 J N/P IR Ja Ur 
be N/P 
I N/P N 
Feb. N/I Fe [wave Tonsille 
7 Ke 
22 | | r on 
q 
16-18 1 
N/I \I 
NI N/] N 
\I N/I D 


b) By routine plus “penicillin early” is 
All the measures men- 
tioned above were included; but in addition 
the patient received penicillin intramuscu- 
larly And 
t should be noted that the penicillin was 
begun at the first report (bacteriologically 

f a positive culture for 


meant the following: 


This drug was not used locally 


corynebacterium 
These reports were usually available within 
+ days 
cularly, 20,000 units every 


The penicillin was given intramus- 
This 


million units, 


hours. 


is continued for 50 doses o1 l 
inless otherwise stated. This dosage was 
iurrived at empirically and with the advice 
hers studying the problem. 

Treatment Sched ile. Following a positive 
culture report for C. diphtheriz, the patient 
Cul- 
tures of the nose and throat were then taken 
at an interval of 2 weeks from the original 
positive culture, at 4 weeks, at 4 weeks plus 


is transferred to the isolation section. 


2 week interval; 7 additional cases tr 


in the routine manner, negative at 


2 week period, later were shown to b 


carrier state by a positive culture app 


ing in the clearance series. Thus a 


of 53° cases developed a 
state as opposed to the 35 (40% 
did not. 

b) Penicillin Early. Of the 51 


who received the routine plus 
penicillin treatment, 43 had negative 
tures at the 2 week interval and 8 
Of 


negative at 2 we eks, later became po 


OsItive. the 43, only 3 who 
| 


and required further treatment. 
(79%), with permanently negative 


tures as opposed to lI 
(21% 


that of those vetting “routine treatm: 


positive 


is obviously a better result 


the cultures followin: 
the patient 


dl 


‘ 
‘| 
| 
T 
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mentioned here that the 
Z week culture seems to be of considerable 


It may be 


lue as an aid to recognizing the possible 
development of the chronic carrier state. 


[his is supported by the fact that only 
10 (138%) of the 75 cases negative at 


In other 
words, prognosis regarding the absence of 


2 weeks, later became positive. 


the carrier state is nearly 90% correct 


when based on the 2 week culture alone. 


This figure becomes even higher when the 
early”’ penicillin group is considered 


3 out of 43 
ises first negative later became positive. 


alone \s mentioned, only 


This is less than 7% error. 
further evaluation of the above is not 
pe ible because the patients reported posi- 
at the 2 week interval were put on 
intensified treatment programs immedi- 
itel\ This was done to shorten the 
period of hospitalization necessary. 
Hospitalization Time. A compara- 
tive study of the required time for hospi- 
vation between the 2 series is of interest 


ible 


tion for patients with a negative 2 week 


The average time of hospital- 


culture was 35 days; and the average time 
{ hospitalization with a positive 2 week 
culture was 50.3 days. These figures for 
ige hospitalization include patients 
further 
treatment after a 2 week positive culture. 


became negative without 


do not include some of those patients 


held beyond 50 days for recovery from 


ce licating carditis. These patients had 
pr e cultures at the 2 week interval. 
( quently the 50 day figure is in error 


This difference in 
a ge hospitalization is also significant. 


low side only. 


data give additional support to the 
of the 2 week culture. 
Penicillin Late. In contrast to the 
re with penicillin given early, the late 
penicillin intramuscularly was not 
cessful; 40 cases of the positive 2 
wees group (53) treated routinely on ad- 
n, received penicillin only when the 
«Weck culture had been reported positive. 
qT eceived 1 million units of penicillin 
uscularly, 50 doses of 20,000 units 
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Of these 40 cases, 
16 showed negative cultures (40%), while 


at 3 hour intervals. 


Several of 
these 24 cases received penicillin in the 
dosage above a second time. 


24 (60%) remained positive. 


None was 
successfully cleared of the carrier state 
until tonsillectomies were performed. 
CompiicatTions. There were no serious 
complications seen in this series. The 
most frequent postdiphtheritic damage 
found was a carditis diagnosed only by 
Of the “routine”’ 
cases responding 


the electrocardiogram. 
and penicillin “early” 
with a negative culture series, the percen- 
tage showing carditis beyond the first 
2 weeks was approximately the same; 
namely, 42% for the former and 40% for 
the latter. 

Of the unsuccessful group treated rou- 
tinely, that is, those positive at 2 weeks, 
19 of 54 cases (35.2%) showed a carditis. 
Certainly from this point of view penicillin 
cannot be said to have helped. However, 
of the group who underwent tonsillecto- 
mies, foliowing penicillin at 2 weeks to 
clear the carrier state, 50% showed con- 
tinuing electrocardiographic changes for 
more than 4 weeks. The other 2 groups 
mentioned above (those with negative 
2 week cultures) each showed only 30% 
having electrocardiographic changes longer 
than 4 weeks. 

The same group undergoing tonsillecto- 
mies had the longest average hospitaliza- 
tion of over 61 days. This suggests that 
the longer an organism remains in the 
throat, the greater its chance of doing 
damage as manifested in this series by con- 
tinuing changes in the electrocardiogram. 

Discussion. It was interesting to find 
that the majority of cases harbored the 
gravis strain. This was almost universally 
true until November 1946. From that 
time on, a gradually increasing proportion 
showed the mitis strain. By March 1947 
over 50% of cases were of mitis etiology. 
There was no significant difference found 
in the incidence of complications when 
cases due to the mitis strain were com- 
pared to cases due to the gravis strain. 


— 
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Shick not done on these 
patients 
It should be 


undergoing tonsillectom) 
20,000 units every 3 


tests were 
mentioned that every case 
received pen- 
icillin hours) for 
24 hours preceding operation until 24 hours 
after the operation. In persistent carrier 
states this therapy was most effective in 
clearing the throat of the organism. The 
data on results of treatment are summar- 


ized in Table 2. 
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severe cases. The absence of severe Col 
plications is also attributed to the ear 
administration of diphtheria antitoxi: 
Only 3 cases seen during this entire peri 
showed severe complications. These 3 ar 


not included here because they we 
primarily skin diphtheria cases.* Non 
of the 3 received antitoxin for from 3 


1 weeks of skin 


because the unsuspected 


after the onset lesions 


diagnosis was 


In each case a severe peripheral neuritis 


TABLE 1.—COMPARISON OF TREATMENT AND HOosPITALIZATION 
Negative I 
Cases Treatment at 2 wks 2w 
SS Routine 45) 10% 53 60 
51 Penicillin ‘‘early’’ 10) 9 11 
38* Penicillin ‘‘late”’ 16 10% »4 60 
Average days hospitalization 
* Continuation Of same cases 
TABLE 2.—FInaL DIsposiITION oF ALL CASES 
Negative Positive Negative Positiy Negative P 
Case at at 7 
139 lreatment 2 wks. 2 wks Treatment 2 wks 2w I m 2 wks 2 
Penicillin 40 11 6 Tonsillectomy, 6 
4 Time* 
1 Spray-penicillin 
SS 88 Ri 40 Penicillin f 24 ronsillec 
lrime* 
6 Tonsillectomy rime* 
2 Tonsillectomy 
plus 1 million 
penicillin u. 
2 Time* 
3 Spray-penicillir 
Average vs hospi- 
% case groups show- 
ng ECG change 
over 4 wks 30 30 0 
See discussion 
As can be seen, only 4 cases received set in. Complete follow-up is not avail- 


penicillin by nasopharyngeal spray. The 
results here confirm those of Kocher and 
Siemson,® who found nose drops and 
lozenges of penicillin effective in 74% of 
31 carriers within 7 days. These results 
supported earlier work by Turner.? 

Any general clinical response due to 
penicillin could not be evaluated. Sys- 
temic symptoms and signs cleared rapidly 
in all cases. 

It is believed that previous immuniza- 


tion was responsible for the absence of 


able. From observation, it is known 


) 


approximately 2 to 3 months elapsed be- 


fore improvement was noticeable. 

The above results give support to th 
conclusion (Karelitz’) that penicillin give! 
early is effective in preventing the devel- 
opment of the carrier state. In so doing 
it decreases the hospitalization time 


diphtheria patients. 
be made regarding the efficacy of highet 
doses of penicillin as recommended 
Long® and Skinner.® 


* Study to be published in Arch. Derm. and Syph 


No statements can 


The data assembled 


= 


BIXBY: PENICILLIN IN TREATMENT 


| the mild complications observed are 
igreement with Weinsicin,'' who doubts 

they can be prevented by penicillin 
ne. In this regard early administration 
diphtheria antitoxin is imperative. 
The pathogenesis of cutaneous diph- 


heria is closely associated with a lowered 


resistance.*° Existing cutaneous in- 


tions Is a frequent precursor of invasion 


cutaneous diphtheria. Similarly in 


pharyngeal diphtheria the origina! 
image may be done by the so-called 
mdary invaders invariably found pres- 

The stage is thus set for invasion 
the corynebacterium. Since penicillin 


fective against the most common 


ngeal secondary invaders, it will be 


ctive in the type of case seen here and 


apid healing of the pharyngeal membrane 


be promoted. The local tissue reac- 

then able to destroy the coryne- 
teria before seeding is completed to 
d that when clinical improvement 


the carrier state. 


Long® has ob- 


to penicillin is pronounced, secondary 
lers are prominent. Action of pen- 
against C. diphtherie is probably 
effective, particularly in increased 


] 
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dosage.£*"" This is known to occur an 
nitro. 

Patients developing the carrier state 
usually have tonsils present and/or con- 
siderable pharyngeal lymphoid _ tissue. 
Here the local use of penicillin can be 
expected to be of more value than the 
intramuscular method.  Tonsillectomies 
should be done where indicated. 

A study of nose and throat cultures for 
secondary invaders during infection with 
cutaneous diphtheria might be revealing. 
Response to the appropriate chemotherapy 
as indicated by the cultures could include 
penicillin, sulfa drugs or other specifics. 

Summary. |. In a series of 139 cases 
of diphtheria, treatment with penicillin 
was followed by a decrease in the inci- 
dence of carriers, if given early in the 
course of the disease. 

2. There is also a shorter period of 
hospitalization for early penicillin treated 
cases than for others. 

3. The incidence of postdiphtheritic 
complications was not affected by pen- 
icillin; however, the severity of complica- 
tions was modified. 

4. A suggestion is made as to the pos- 
sible mode of action of penicillin. 


iterial was assembled and prepared with the assistance of Harry Anderson, Capt., M.C., A.U.S. 
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A CLINICAL EVALUATION IN CHILDREN OF THE TOXICITY AND EFFICACY OF 
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In recent publications by Beyer and his 
co-workers! it was demonstrated that car- 
onamide (4-carboxyphenylmethanesulfon- 
anilide) administered orally, by inhibiting 
the rapid renal excretion of penicillin, was 
capable of maintaining higher and more 
sustained levels of penicillin than normally 
occurred after a given dose. In this re- 
search there is presented an evaluation of 
the toxicity of caronamide in children and 
of its efficacy in increasing the plasma 
concentration of orally administered pen- 
icillin. 

Penicillin is lost rapidly from the body 
fluids because of its rapid renal elimina- 
tion. It has been shown that penicillin is 
excreted by the kidney in the same man- 
ner as is p-aminohippuric acid (PAH). 
Since PAH at low blood concentrations is 
almost completely extracted from renal 
arterial blood in one circulation through 
the kidneys, it follows that the amount of 
PAH appearing in the urine per minute is 
practically equal to the quantity of PAH 
contained in the volume of plasma circu- 
lating through the kidney per minute. 
Thus the renal clearance for PAH and 
penicillin (2. e. the quantity of plasma from 
which these substances are completely 
removed in one minute by the kidney) is 


Presented at the Philadelphia meeting of the 


a measure of the renal plasma flow per 
minute.” The renal clearance of penicillir 
is accomplished by a combination of 
glomerular filtration and tubular excre- 
tion. Since this clearance approximates 
the renal plasma flow and since in man 
20% of the renal plasma flow is filtered at 
the glomerulus (the so-called filtration 
fraction) the greater part (80%) of urinary 
penicillin is excreted by the tubules. 
Caronamide decreases the rapid renal 
excretion of penicillin by its inhibitors 
action on the tubular excretory mechanism 
for penicillin. This inhibition is effected 
by halting the tubular transport mechan- 
ism involved, without caronamide itself 
being excreted by the tubules and without 
inhibiting other tubular transport mechan- 
This compound is eliminated es- 
sentially by glomerular filtration. The 
inhibitory effect of caronamide on_ the 


isms.° 


tubular transport mechanism is analogous 
to the in ritro competitive inhibition of the 
action of an enzyme on its substrate by 
another compound possessing an affinity 
for, but being refractory to, the action of 
the enzyme. 

The mode of action of caronamide ma} 
be contrasted with the inhibition of pen- 


icillin excretion by Diodrast or PAH 


Peripatetic Society, February 7-8, 1947, a1 


Society for Pediatric Research, Seventeenth Annual Meeting. Mav 12 13. 1947. held at Stockbridge 
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uninohippurate), which are excreted by 
une mechanism as is_ penicillin.® 

ese latter agents do not suppress the 
netion of that common transport system 
in being excreted by it limit its fune- 

il capacity to excrete penicillin on a 
The rapid tubular 
retion of PAH and Diodrast, together 
the necessity for the parenteral ad- 
stration of either agent, make their 
for this purpose impractical in ordinary 
illin therapy. 


action” basis. 


Caronamide, because 
excreted only by glomerular filtration, 
eliminated at a relatively slower rate 


and may be administered orally. 


The compound caronamide was de- 


ed by Sprague, Ziegler, Miller and 
gor It has the following chemical 
eture 


(HeSOoNH COOH 


el nas 


reported this agent (1) to 
fill the original physiologic limitations 
osed by the concept of its mode of 

2) to be markedly effective in dogs 
hibiting the renal tubular elimination 
enicillin at moderate dosages and in a 
manner; (3) to enhance from 4- 


6-fold the chemotherapeutic effect of 


penicillin in experimental pneumococcic 


phoid infections in mice;* and (4) 

toxicity in the 

I e, rat, rabbit, dog and monkey. 
XICITY STUDIES. 


low order or 


Three groups of 6 


nts each were selected from the ortho- 


and medical services of the Chil- 
Hospital of Philadelphia for this 
These children consti- 
a heterogeneous group from the 
point of diagnosis and present medi- 
tories. Fifteen patients were stud- 
( ree of them were used in both the 
nd third group. Ages ranged from 

2 t > years and weight from 21 to 100 
9.5 to 45.5 kg.). 
sposing from the experimentation 

gs, it was anticipated that an effec- 
losage of the compound would be 


about 0.2 gm./kg./24 hours. Consequently 
the 3 groups of patients were given total 
caronamide dosages of 0.1, 0.2 and 0.4 
gm./kg./day, divided into equal aliquots 
and administered at intervals of 4 hours, 
day and night. The duration of each group 
study was at least 7 days. Before begin- 
ning each study, 24-hour urine collections 
and fasting blood samples for chemical and 
hematologic examination were obtained 
from each patient. Chemical and hemato- 
logic analyses were performed again after 
the first 3 or 4 days of drug administration 
and finally at the of the 
experiment. 


termination 


A systematic daily record, except for 
hematology and chemistry, wherein the 
following data were recorded, was kept for 
each patient: subjective and objective 
manifestations of toxicity such as nausea, 
vomiting, rash; daily temperature range; 
appetite; weight; 24-hour fluid intake and 
output; and blood pressure. In addition 
total 
erythrocyte and leukocyte counts; differ- 
ential white cell counts; hemoglobin; blood 


the following data were obtained: 


urea, glucose, N.P.N.; urine casts, crystals, 
microscopic hematuria, proteinuria, reduc- 
ing substances, total nitrogen, Gmelin’s 
test for bile pigments, specific gravity, 
and pH. 

The course of events was such that the 
group receiving the 0.1 gm./kg./day dosage 
was started first. No patient was given 
less than 3 gm. per day, 0.5 gm. every 
t hours, even if the calculated dose was 
After 
wherein no sign of drug tolerance was evi- 


less than this amount. 3 days 
dent, the second group was started on a 
After 4 days, 
the third group was begun, and this in- 


dosage of 0.2 gm. kg./day. 


cluded 3 children from the first group 
whose medication was interrupted for only 
2 days. The daily dosage for this group 
was 0.4 gm./kg./day. Administration of 
the drug to 3 children in this group was 
stopped at the end of one week, but the 


others were allowed to continue taking it 


1 evidence in support of this statement is given in an article by Verwey and Miller (Proc* 


S Biol. and Med., 65, 222, 1947). 
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for a second week. Since the drug was 
available in 0.5 gm. tablets, in the case of 
the smaller children, they usually were 
mashed in a spoon and administered with 
orange, cherry, or strawberry syrup. 
Resutts. There were no manifesta- 
tions of toxicity that necessitated with- 
drawal of caronamide from any of these 15 
patients or the next group of 5 that 
received penicillin plus the drug. The 
patients tolerated the caronamide well. 
There was only one instance of vomiting of 
the tablets from day to day, and that was 
in a patient who had tolerated 6 gm. per 
day but who vomited frequently when 
ven 18 gm. per day as a member of the 


third group. Other isolated instances of 
vomiting were attributable to giving the 
tablets without water, to a meal that the 
child disliked, or to other similar secondary 
Causes 

There were 2 isolated instances of 
crystalluria among the repeated urinalyses 


on each patient. These occurred in the 


second group (0.2 gm./kg./day) and at a 
urinary pH of 5.9 and 6.1-respectively in 
the 2 patients. These 2 children received 
5 and 5.5 gm. of the drug per day. 
The crystals were clustered as sheaves. 
There seems reason to believe that the 
development of crystalluria was dependent 
on the pH of the urine, since it was not 
encountered at pH values above 6.2. How- 
ever, there were 9 instances in which the 
urinary pH was below 6.2, in one case 5.9, 
where crystalluria was absent. No attempt 
was made in this study to avoid or attempt 
to correct these transient findings. The 
erystallurias were not accompanied by 
gross or microscopic hematuria or by casts. 

There were no changes in hematologic 
findings or persistent elevation of tempera- 
ture attributable to the drug. To be sure, 
temperature and leukocyte count increased 
following an intercurrent pharyngitis, the 
development of a wound infection, and 
following a smallpox vaccination. The 
criterion of a drug fever was taken as an 
otherwise unexplained elevation of rectal 


temperature to over 100° F. on at least 2 
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successive days an} time during carona 
mide administration. 

There were 3 mstances of the appearanc: 
of a rash during or immediately following 
the administration of the drug. No 2 cass 
were alike in the nature or distribution of 
the rash. The first occurred on the fourt! 
day of drug administration, the patient 
being in the first group (0.1 gm./kg./day 
This rash consisted of small erythematou 
grouped papules limited to the extensor 
surfaces of both wrists and was preceded 
by itching several days prior to the appear 
ance of the rash. This child began to us¢ 
crutches with leather arm straps that wer 
in constant moving contact with the wrist 
and it was felt that the rash represented 
contact dermatitis rather than a drug rea 
tion. Only traces of the rash could be 
made out at the termination of the exper 
On the fifth day a 
second patient in the third group (0.4 


ment 3 days later. 


gm./kg./day moderate 


Zz developed a 


maculo-papulo-vesicular rash on the lower 
portions of the legs and feet, including the 
There were a few lesions on the 
This faded 
In both 


of these instances the lesions faded despite 


soles. 
lower portions of her arms. 
almost entirely within 24 hours. 


the continued administration of the drug 

The third case occurred in the patient n 
the third group previously mentioned as 
having vomited frequently. She developed 
a florid small macular rash over her face, 
neck, arms and chest 24 hours after the 
termination of drug administration, whict 
was accompanied by a mild palpebral con- 
junctivitis and a mild leukocytosis. Ther 
was no adenopathy. The rash faded com- 
pletely within 48 hours after its appear- 
ance. All 3 children who manifested these 
dissimilar rashes were convalescent cases 
of poliomyelitis. 

Another interesting observation was the 
appearance of reducing substance in the 
urine of 3 patients in the third group, on¢ 
of them being the patient described as 
having a rash 24 hours after discontinua- 
tion of the drug. In this case and 
another the reducing substance was pres- 


ele 
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on only one occasion, but in a third 
tient it was present consistently during 
administration. 
This reducing substance was not glu- 
e, nor was there any change in the 
od glucose level at the time of its 
pearance or later. Instead, it appeared 
be a pentose. In each instance where a 
ilitative test for urinary reducing sub- 
tance Was positive (Benedict’s Test) it 
also estimated quantitatively. A simi- 
r amount of glucose was added to normal 
ne and aliquots of both specimens were 
easted to remove fermentable substances. 
Following yeasting, the control urines were 


negative whereas the test samples still 


tained their initial concentration of 
lucing substance. Tests for glucuronates 
re negative. Lactose was not the non- 
nentable substance. The case records 
medication, diet, etc., were irrelevant. 


is probable that these were instances 
pentosuria. One case of pentosuria (if 
| it was) occurred only at the time of a 
phar ngitis in a convalescent poliomyelitis 
patient. Another occurred following vac- 
ition against smallpox of a patient hav- 
congenital malformation of the joints. 


The pentosuria was associated with an 
elevation of temperature. In the third case 


pentosuria was only detected on the 
last day of the drug administration, 24 
hours before the appearance of a rash. It 
lite possible that the pentosuria was 
precipitated by the drug under conditions 
etabolic stress in patients undergoing 
abnormal pattern of muscular or 
metabolism. A certain amount of 
ence may be lent this interpretation 
pentosuria only occurred in post- 
poliomyelitic cases with the exception of 1 
nvolving congenital malformations 
joints necessitating the patient’s 
eg eing In a cast. 
finding recalls the observation of 
Dr. A. S. Minot that patients having 
pl ssive muscular dystrophy have pen- 
ia.’ In contrast to this explanation 


was the report by Beyer, McKinney, and 
Tillson that young dogs given | to 1.5 gm. 
of caronamide/kg./day on identical 
4-hour dosage régime developed pento- 
suria. Dogs given smaller daily dosages of 
the drug did not manifest pentosuria.“ 

The occurrence of non-fermentable re- 
ducing substance in the urine has been the 
first and usually the only characteristic 
systemic effect of the drug. The pentosuria 
was reversible by withdrawal of the agent, 
and its continued occurrence seemed of 
little consequence in either our patients or 
in the dogs referred to above. 

In general there were no effects attrib- 
utable to drug reaction that have not been 
noted in the foregoing discussion. 

The Effect of Caronamide on Renal Func- 
tion and the Blood Level Response to Penicil- 
lin Administered Orally. The design of 
these experiments was as follows: Five 
patients were selected for the study. On 
successive days before administration of 
penicillin and caronamide renal function 
tests were performed on each patient. 
These included measurements of the glo- 
merular filtration rate (manitol clearance), 
minimal renal plasma flow (PAH clearance 
at low plasma levels), maximal ability of 
the tubules to reabsorb glucose (glucose 
Tm) and the maximal capacity of the 
tubules to excrete p-amino hippurate 
(PAH Tm). 

Following the renal function test the 
first penicillin control phase wherein each 
patient was given orally 100,000 units of 
crystalline sodium penicillin-G* dissolved 
in water immediately before administra- 
tion and flavored with a fruit syrup was 
begun. The dosage was repeated every 4 
hours day and night. Each morning the 
9 a.m. dose was given by one of us (other 
dosages were administered by the nursing 
staff). Breakfast was withheld until a 
blood sample was drawn exactly | hour 
after the drug was given. 

The duration of the first control phase 
was 4 days. The schedule was so arranged 


e sodium salt of crystalline penicillin-G used in this work is thought to be at least 90% pure. 
tained from the Commercial Solvents Corp., Terre Haute, Ind 
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that during this period one 4-hour penicil- 


lin dose—plasma concentration response 
These 


were always started after the 9 a.m. dosage 


curve was taken on each patient. 


and all food was withheld until after the 
last or 4-hour blood sample was taken for 
penicillin assay. Thereafter, at 1 p.m., the 
next penicillin dose and lunch were given 
the patients. 

Since 10 cc. samples of citrated blood 
were desired for the Rammelkamp assays, 
the experiment had to be designed to mini- 
mize bleedings and yet obtain a maximal 
Sufficient blood 
was drawn to permit repetition of an assay 


amount of information. 


when desired. The bloods were chilled 
immediately and were handled aseptically 
throughout. The organism used in the 


assay of the plasma was a hemolytic 


streptococcus. Human red cells were used 
in the determination of end points and a 
half-step dilution system was employed to 
minimize the percentage error of the as- 
It had been ascertained previously 
that caronamide did not influence penicil- 
lin assays.** The lower limit of the assays 
was 0.02 

Immediately following the control per- 
iod the first drug phase, wherein a daily 
dosage of 0.2 gm./kg. of caronamide was 
divided as equally as possible into 6 ali- 
and administered every 4 hours 
together with 100,000 units of penicillin, 
was begun. Here again the duration of the 


quots, 


test was 4 days, penicillin blood levels were 
the 
9 4.M. dose, and a 4-hour penicillin blood 


determined daily 1 hour following 
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level curve was obtained on each patiet t 
once during the period. 

Following the initial drug phase the 
daily dosage of caronamide was doubl 
(0.4 gm./kg.). 


has 


Otherwise the protocol Wa 
the first 
phase. After the second 4-day drug perio 
the of 


been outlined for drug 


as 


administration caronamide 


stopped. 

The administration of penicillin w: 
continued as a second control phas¢ 
Forty-eight hours after the last dose 
caronamide and on 2 succeeding days 
either a l-hour, or a 4-hour, penicill 


blood level curve was obtained on ea 


patient. There were 2 


1-hour bleedings following the 9 a.m. di 


exceptions to the 


age where this would have conflicted wit 
renal function procedures. The renal fur 
tion tests were repeated on the childret 
during and following this second penicill I 
control period. The tests on the first chil 
were performed 48 hours after the last 
dose of caronamide. 

Throughout this whole procedure 
laboratory and clinical studies, except 
chemistry, were carried out periodically 
There 
notable changes disclosed by these te 

Results. 
mide on the blood level response to pent 


in the toxicity studies. were 


The general effect of carona- 
lin administered orally has been sumn 


ized in Table 1. 
values and blood levels at 


Herein all the cont 

both levels ol 
caronamide dosage have been averaged 
and compared at corresponding time inter- 


vals following the 9 a.m. dose of 100,00f 


raBLe 1 THE AVERAGE PENICILLIN PLASMA LEVEL RESPONSE OF 5 PATIENTS TO THE ORAL A 
ISTRATION OF THE ANTIBIOTIC AGENT ALONE AND WITH CARONAMIDI 
Che dosage of penicillin was 100,000 units every 4 hours. The dose of caronamide administered 
lose of penicillin was one-sixth the daily dosage of 0.2 gm./kg./day or of 0.4 gm./kg day. 
Penicillin plus caronamide Penicillin plus caronam 
Pet 0.2 gm./kg./day 0.4 gm./kg./day 
I plasm Plasma Fold | nm Fold i 
cone cone. crease over cone rease ¢ 
u./¢ ee control 1./e¢ contr 
l hr. 0.325 (28)* 0 507 (20 1.6 0 916 (20 28 
< hi 0.082 (10 0 155 (5 1.9 QO 412 (5 5 0 
s hr 0.032 (10 0.090 (5 2.8 Q 257 (5 8S 0 
t hr 0.013 (10 0 026 (5 2 0 0.188 (5 14.5 


Number of samples 


== 
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ts of penicillin, or of penicillin and drug. fold over the control values. The 0.4 
Seanning the data in Table 1, it is gm./kg./day dosage of caronamide further 
parent that the overall effect of the 0.2 increased the antibiotic blood level from 
kg.,day dosage was to increase the  2.8-to 14.5-fold. Whereas the response at 
cillin plasma concentration 1.8- to 2.8- the lower dosage of caronamide was fairly 


AVERAGE ANTIBIOTIC PLASMA LEVEL FOR INDIVIDUAL PATIENTS ONE Hour FoLLOWING 
HE ORAL ADMINISTRATION OF PENICILLIN ALONE AND WITH CARONAMIDE 


f penicillin was 100,000 units every 4 hours. The dose of caronamide was one-sixth of 
losage (0.2 gm./kg./day or 0.4 gm./kg./day) administered every 4 hours with penicillin. 
Plus Fold Plus Fold 
Penicillin 0.2 gm increase 0.4 gm increase 
control caronamide over caronamide over 
u./ec.) control u./eec.) control 
M.7 0 430 (6)* 0 529 (4 3 0 899 (4 2.1 
. ] 0 282 (5) 0 321 (4 1 1 0 600 (4 2 1 
LS 0 387 (6 0 599 (4 1 6 0 771 (4 2 0 
I. Su 0 321 (6 0.499 (4 1 6 1 453 (4 15 
M.A 0 205 (5 0 586 (4 2.9 0 858 (4 4 2 
N lI le s 
M.A 
i.4 | 
1.1 
1.0 | © 
0.9 
3 0.8 * 
x 
* 
= 0.7 
3 
0.6 * 
\ 
2.5 4 
e x 
0.4 


“hig Drug 2 


).95 
Drug 1 
~ 
T T Control 2 
1 2 3 4 
Hours 


Patient M. A.: The effect of caronamide on the 4-hour antibiotic plasma level following the 
ition of 100,000 units of penicillin orally. C. 1 and C. 2 were two control curves wherein pen- 
[ministered alone. The actual dose of caronamide was given orally with penicillin 1 hour 
lrug curve was 0.5 gm. Similarly, the dose of caronamide for the top drug curve was 1 gm. 
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uniform at all points in the 4-hour curve 

there was an incommensurate increase in 

its effect in the latter part of the 4-hour 

curve at the higher dosage. It is interest- 
ing that the effect on 1-hour plasma con- 
centrations increased fairly uniformly with 
the increase in caronamide dosage even 
though the amount of penicillin was held 
The of 
values for the controls was 0.37; 


for the lower drug dosage, + 0.58; and for 


constant. standard deviation 


|-hour 


the higher drug dosage + 0.28. 

The 
phases for each patient have been com- 
Table 2. Here the individual 


increase in antibiotic plasma level 1 hour 


1-hour values for control and drug 


pared in 


following the coadministration of penicil- 
1.1- to 2.9-fold 


lin and caronamide was 


units /c< 


conc. 


Plasma 


ee 
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for the 0.2 gm./kg./day dosage, and 2- 
to 4.5-fold for the 0.4 gm./kg./day dosage 
This is probably the least favorable com 
parison of the data that can be made sinc 
it assumes a maximal effectiveness of th 
caronamide coadministration at the heigh 
of the absorption of penicillin. From suc! 
data one might deduce that ordinarily th 
preponderant of 


amount ab 
sorbed is excreted within the first 


penicillin 
hour 
This would seem to be true since actual 
it is possible with the aid of caronamide 
to stop the excretion of sufficient penicilli 
to such an extent that its accumulation i 
the body amounts to as much as a 4.5-fold 
increase in antibiotic plasma concentratior 
within 1 hour. 

In Figures 1 to 5 are presented the 


M.T. 


Drug <% 
Drug 1 


Control 2 


Control 1 


Hours 


Ky 2 Patient M. T.: The effect of caronamide 
idministration of 100,000 units of penicillin orally. C 


the lower drug curve was 0.5 gm. Similarly, the dose 


on the 4-hour antibiotic plasma level followins 


. 1 and C. 2 were two control curves whereit 
icillin was administered alone. The actual doses of caronamide given orally with penicillin 1 hour b« 


ré 


of caronamide for the top drug curve was 1 gi 


1.4) 
1.5] 
x 
1,1 
1.9 3 
0.9 
\ 
x 
0.7 
x 
0.5 
\ 
= 
0,3 \ \ 
\ 
\ ™“ 
» 
0.1 
lL 2 a 
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dividual 4-hour dose response curves for 
children 
nt the average control and drug response 
ta for the group of 5 patients. The only 
iteworthy difference between these data 


The curves in Figure 6 repre- 


those presented in Tables 1 and 2 is 
e lack of a higher initial response follow- 
¢ the greater of the 2 caronamide 
wes 
Che renal function studies before and 48 
irs following the eighth day of adminis- 
ition of caronamide are summarized in 
ble 3. For technical reasons some of the 
ilues in both the initial and final deter- 
The de- 


rminations of renal function on 1 of the 


nations appear “out of line.” 


ldren who wore body casts were omitted 
eing unsatisfactory in both phases. It 


units/cc. 


Plasma Conc. 


Patient J. S.: 
tration ol 


was administered alone. 
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seems justifiable to conclude that carona- 
mide did not affect irreversibly glomerular 
filtration, renal plasma flow, PAH Tm, 
or glucose Tm, even though we acknowl- 
edge the unreliability of some of the abso- 
lute values given in Table 3. The magni- 
tude of the data presented in Table 3 is 
the same as Rapoport and Rubin had 
found previously to hold for children’ and 
agrees with similar values for adults.’ It 
had been ascertained previously in dogs 
that, whereas caronamide did decrease the 
PAH two 


administered together, it did not affect 


clearance of when the were 
glomerular filtration, urea clearance, glu- 
cose Tm, arginine Tm, or sulfonamide 


clearance.! 


J. S. 


Drug X2 


Drug 
Control 2 


> 


Hours 


The effect of caronamide on the 4-hour antibiotic plasma level following the 
100,000 units of penicillin orally. C. 1 and C. 2 were two control curves wherein pen- 


The actual dose of caronamide given orally with penicillin 1 hour be- 


e lower drug curve was 0.5gm. Similarly the dose of caronamide for the top drug curve was 1 gm. 


1.4 
1.3 
1,0 
0.9 
0.8 
0.6 
0.5 
0.4 
/ > * 
~~ 
] 
1 2 
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raBle 3 RENAL Function Stupies BEFORE AND FoLLOWING THE ORAL ADMINISTRATION 


CARONAMIDE IN A DosaGe or 0.2 To 0.4 GM./KG./DAY FOR A PERIOD oF & Days 


These values have been corrected to a body surface area of 1.73 sq. m 


Pa 
QO. 1 M. 7 M.A 
Surface area, sq. m. 0.98 0 85 0 88 0.71 
Glomerular filtration rate, ec./min 
B* 25 158 111.8 136 
A+ 160 126 8 94.8 127 
Renal plasma flow, ce./min 
B 810.7 802 527 609 
\ 732 8 732 533 638 
PAH Tm, mg./min. 
B 97.9 112 33.5 50.4 
A 74.7 76.1 55 4 76 
Glucose Tm, mg./ min 
B 341 258 292 76 
A 178 241 29 4109 
* B Before therapy (control 
tT A After therapy (drug effect 
| O.L 
1.4 
1.3 
1.2 | 
hoa 
1,0 
0.9 
£ 
3 
OF 
J 
0,6 
| 
F 0.5 | 
0.4 
| 
0.3 \ iy 
™ 
%, = 
0.2 
< 
~ Drug 2x 
0.3 
| 
Control 2 
L +++ Drug 
1 2 3 4 


Hours 


Fic. 4.—Patient O L.: The effect of caronamide on the 41-hour antibiotic plasma level following 
administration of 100,000 units of penicillin orally. C.1 and C.2 were two control curves wherein |] 
icillin was administered alone. 


the lower drug curve was 0.5 gm. Similarly, the dose of caronamide for the top drug curve was 1 gr 


( 


The actual dose of caronamide given orally with penicillin 1 hour bef 
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Summary. When tested in children, instances of rash, in which no 2 cases were 
he oral administration of caronamide at a similar in appearance or distribution, these 
sage of 0.2 gm./kg./day together with did not require special attention. Two of 


enicillin increased the antibiotic plasma 
1.8- to 2.8-fold the 


ntrol values when penicillin was admin- 


meentration over 
tered alone. When the dosage of carona- 
de was increased to 0.4 gm./kg./day the 


nicillin 


pe plasma concentration was in- 
reased 2.8- to 14.5-fold over the control 
yures 

There was no instance of toxicity in 
hese patients that warranted discontinu- 
nee of caronamide when the compound 
is administered in oral dosages of 0.1 to 


2 


om./kg. day over a period of 1 or 
weeks. 


ens that contained drug crystals and 3 


| 
| 


Although there were 2 urine speci- 


units/cc. 


Plasma conc, 


0,1 


0.05 


Patient J. S.: 
ration of 100,000 units of penicillin orally. 


vas administered alone. 


the rashes cleared up during continued 
administration of drug and the third 
appeared 24 hours after the drug had 
ceased to be given. There were 3 cases in 
which one or more isolated instances of 
“‘pentosuria’’ were found, and these were 
associated with a pharyngitis, smallpox 
vaccination, or the rash that appeared 
after the drug had been stopped. 

By means of renal function tests run 
before and at the end of the coadministra- 
tion of penicillin and caronamide it was 
ascertained that the latter compound did 
not influence irreversibly glomerular filtra- 
tion, renal plasma flow, PAH Tm, or glu- 
cose Tm. 


Drug 2x 


trol 2 
4 


contro! 1 


Hours 


The effect of caronamide on the 4-hour antibiotic plasma level following the 
The actual dose of caronamide given orally with penicillin 1 hour before 


. 1 and C. 2 were two control curves wherein pen- 


wer drug curve was 0.5 gm. Similarly, the dose of caronamide for the top drug curve was 1 gm, 


J.S., 
1,4 
122 
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14 } 
13 
1.2 } 
iid 
1.0 
09 
J 
os | 
of 
os | 
O5 
0-4 
0.3 
0.2 
1 ~eDrug 2X 
0.1 
0.05 | 
Drug i 
control 
| | | | 
1 2 3 4 
Hours 
Fic. 6.—The average effect of caronamide on the 4-hour antibiotic plasma level following the adn 
tration of 100,000 units of penicillin orally. The control curve represents an average of all the « 
esponding values for both control phases. The coérdinate for the lower drug curve are averages of 
the corresponding penicillin values when the dose of caronamide administered with each dose of penici 
was one-sixth the daily dose of 0.2 gm./kg. Similarly, the caronamide dose for the top drug curve wv 
ne-sixth the daily dosage of 0.4 gm./kg. 
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CarciNoMA of the prostate. aithough 
requently metastatic to bone. is not often 
It is the 


purpose of this communication to point 


ociated with severe anemia 


ut that myelophthisic anemia may be the 

presenting manifestation of prostatic can- 

cer and that this anemia may respond to 
bined castration and female sex hor- 
one administration 


of all four limbs. On occasions the pains in 
the arms had been shooting in character 
Five months before admission he had suf- 
fered from acute urinary retention which 
required catheterization. There had been no 
other urinary symptoms prior to this nor 
did any develop subsequent to this single 
episode. Eight weeks before admission the 
patient awakened one morning with a left 
facial paralysis. He stated that on occasions 


he had noted edema of the legs during his 
illness. His past and family histories were 
irrelevant. He denied venereal disease. 
Examination an extremely pale, 
markedly emaciated, White man in no appar- 
ent distress, but appearing much older than 
the stated age. The peripheral arteries were 
markedly thickened. There was generalized 
weakness and atrophy of all the muscles of 


Case Reports. Case 1. J. W., a married 
iinter of 47, was admitted to the Boston 
ty Hospital August 17, 1929, complaining 
pallor, weakness, loss of 75 pounds in 
ght, and pains in the arms and legs, all 
th onset approximately 9 months earlier. 
pains had at first been intermittent but 
were described as being almost con- 
ious and extending throughout the length 


Bioop Finpincs Upon ADMISSION IN 3 CASES OF MYELOPHTHISIC Anuefh, SECONDARY TO 


E 
CARCINOMA OF THE PROSTATE WITH SKELETAL METASTASES 
Case | Case 2 Case 3 

Red blood cells (millions per emm.) 2.15 2.74 2 30 
Hemoglobin (gm. per 100 ec.) 5.6 7.2 68 
White blood cells (thousands per cmm.) 3.4 5.0 7.0 
Hematocrit (% 24.4 24 0 
Meat yrpuscular volume (c. micra) 89.0 104 2 
Mean corpuscular hemoglobin concentration (%) 33.9 34.3 
Reticulocytes 48 4.0 20 
Nucleate 1 rel blood cells + 0 + 
Ant is de of ad. 
Po vtosis ++4 af. of 4-4. +4 
Platelets 128 ,000 Increased Increased 
Icte index 3 5 
Non-protein nitrogen (mg. per 100 ce.) 42 27 37 
Differential 

Polymorphonuclear neutrophils (%) 4 67 70* 

Eosinophils (%) ee 2 

Basophils 1 1 

Lymphocytes (%) 38 11 18 

Monocytes (%) . 7 19 


* Bands 29. 
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the trunk and limbs, and pressure over 
muscles revealed moderate tenderness. 
Neurologic examination was essentially nega- 
tive except for a peripheral type of left facial 
palsy. Heart, lungs, abdomen and skeleton 
were normal on physical examination. The 
prostate was of normal size, firm and smooth. 
Laboratory examinations showed the specific 
gravity of the urine to range from 1.005 to 
1.010 with albumin and white cells constantly 
present The blood non-protein nitrogen was 


42 mg. per 100 ce. No free hydrochloric a 
was present in the gastric juice after the su 
cutaneous injection of histamine. 
puncture was negative. Stools were negat 
for oecult blood. Roentgen ray examinati 
of the skeleton revealed widespread met 


static involvement of an osteoplastice typ 
such as commonly originates in the prostat: 


Although most marked in the trunk, hip ar 


shoulder girdles, and proximal portions of a 
four extremities, lesions could be seen exten: 


Fic. 1.—(Case 1.) 


Roentgen ray of pelvis. 


Fic. 2.—(Case 1.) 


Roentgen ray of feet. 
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to the distal tips of the fingers and toes 


i rans! 


land 2 


The results of blood examina- 
are shown in the table. 
usion of 500 ec. of whole blood was 


formed and a trial course of iron therapy 


pegun, 


which was not followed by any 


nge in blood values. Two hundred grams 
vhole liver daily followed by 30 gm. of 


ted with any response. 
blood 


sion of whole 


ired 


1d 


ly 


extract 


admission 


occasionally was incontinent. 


Lilly 343) daily was unasso- 
A second trans- 
was given 3 weeks 
On October 1 gross hema- 
ria occurred for 12 hours and then disap- 
Following this episode the patient 
some difficulty in commencing urination 


At this 


repeated examination of the prostate 
wed it to be fixed and very firm although 


smooth 


prostate 


The 


patient’s 
ime increasingly severe and in November 
felt stony hard and nodular. 


anemia 


November 19, approximately 1 year after 
onset of symptoms, the patient died. 


rostate 


morten 


which 


iss 2. H. &.. 


S OF age, 


stony 
Microscopic exami- 


examination was limited to the 
although 
peared grossly normal. 


hard ap- 


on revealed scirrhous carcinoma. 
a married caretaker, 64 
was admitted to the Boston 


Hospital, December 1, 1933, complain- 


of increasing weakness, pallor, and loss 


veight, with onset 6 months previously. 


r afew weeks there had been some aching 
the shoulders, and in the muscles of the 
For 3 weeks he had received iron and 


extract 


treatment 


with no noticeable 


t upon his condition. There had been no 


iry symptoms of any kind. 
past histories were irrelevant. 


ise Was de nied. 


His family 
Venereal 


amination revealed a thin, pale, white 


lying comfortably in bed. 


were absent. 


tenderness of 


All but 3 


These were carious and 
inded by pyorrhea. There was moder- 


the calf 


and shoulder 


les on pressure and atrophy and lack of 


of the calf muscles. 
was negative. 


cal examination was normal. 


Neurologic exami- 


The remainder of the 


Rectal 


ination revealed a small, smooth, fixed, 
The urine was straw, 
ne, specific gravity 1.014, albumin nega- 
sugar negative, microscopic negative. 
nination of the blood is shown in the 


hard prostate. 


Roentgen 


rays 


of 


the 


chest and 
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shoulders were negative. Roentgen rays of 
the pelvis and spine showed extensive osteo- 
plastic metastases involving the entire pelvis 
and the lumbosacral spine. The patient was 
discharged to the care of his private phy- 
sician. He died at home several months 
later. 

CasE 3. H. G., a single retired barber, 
78 years of age, was admitted to Cushing 
Veterans Administration Hospital on No- 
vember 30, 1946, complaining of increasing 
weakness, fatigabilitv and exertional dyspnea 
of 1 year’s duration. Three months before 
admission he developed constant pain in the 
left axillary line at the level of the 7th rib. 
For several months he had nocturia and 
slight difficulty in starting his urinary 
stream, with dribbling. His family history 
His past history revealed 
recurrent malaria for several years subse- 
quent to his initial infection in Cuba in 1898. 
“Creaking” of both shoulder joints on motion 
had been present for 20 years and occasional 
transitory chest and low back pain for 7 
years. 

Examination revealed a pale, thin, edentu- 
lous, white man in no apparent distress. 
The anterior-posterior chest diameter was 
moderately increased. The percussion note 
hyperresonant. Expiratory breath 
sounds were prolonged. A_non-tender, 
smooth liver edge was felt 3 em. below the 
costal margin. The upper border of liver 
dullness was in the 8th interspace by percus- 
sion. Skeletal examination was negative 
except for crepitus upon movement of the 
shoulder joints. The prostate was enlarged, 
fixed, hard and contained several stony 
nodules. Laboratory examinations showed 
the urine specific gravity to vary from 1.008 
to 1.020. Albumin and sugar were absent. 
Rare white blood cells and occasional red 
blood cells, hyaline and granular casts were 
present. Stools were negative for occult 
blood. Kahn test negative. The blood non- 
protein nitrogen was 37 mg., serum calcium 
9.12 mg., phosphorus 4.3 mg., total plasma 
proteins 6.3 gm., albumin 3.3 gm., and 
globulin 3 gm. per 100 cc. Alkaline phos- 
phatase—16.8 Bodansky units. Roentgeno- 
grams of the entire skeleton showed wide- 
spread osteoplastic metastases throughout 
the pelvis, upper ends of the femora, thoracic 
and lumbar spine and ribs. 

Ferrous sulfate 0.33 gm. 3 times daily by 


Was negative. 


was 


— 
City 
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mouth and 15 units of concentrated liver 
extract daily by intramuscular injection 


were administered for 3 weeks. No rise in 
reticulocytes occurred and there was a 
dex ( red blood cells to 2,000,000 per 
cu. mm. and in hemoglobin to 6.2 gm. per 
100 cc. During the 4th week the patient was 


‘astrated and 5 mg. of diethylstilbestrol was 


given by mouth daily. Blood studies im- 


mediately after operation showed the red 
blood cells to be 1,990,000 per cu. mm. and 
the hemoglobin 5.1 om. per 100 ee. The 
hematocrit was 21%. Reticulocytes were 

wed for several weeks. No increase 
occurred. A gradual rise took place in red 
blood cells, hemoglobin and hematocrit to 
values of 3,500,000 per cu. mm., 11 gm. per 


100 ce. and 34% 2 months after castration. 
Concurrently, nucleated red blood cells dis- 
appeared from the peripheral blood and the 
number of band form polymorphonucléar 
leukocytes decreased to less than 5%. The 
patient’s strength and sense of well-being 
improved markedly. Bone pains disap- 
peared. This clinical improvement was 
The blood levels on July 18, 


1947, 7 months after castration, were: Red 


maintained 


blood cells, 4,000,000 per cu. mm., hemo- 
globin 12 gm. per 100 ec., white blood cells 
6500 per cu. mm., hematocrit 36%, mean cor- 
puscular volume 90 cu. micra; polymorpho- 
nuclear neutrophils 74% (band forms 1%), 
| The red 


lymphocytes 25°, monocytes 1 ‘ 
blood cells appeared normal on stained films; 


there was no polychromatophilia and no 
nucleated erythrocytes were present. Mod- 
erate regressive changes were noted in the 
roentgenologic appearance of the skeletal 
metastases. The blood values continued to 
remain at the same level during the next 6 


months. The last observation was made 
Jan. 24, 1948. The patient continues asypm- 
tomatic 13 months after the institution of 
therapy 

Discussion. The above cases illustrate 


the fact that severe myelophthisic anemia 
accompanied by weakness and loss of 
weight may be the presenting manifesta- 
tions of carcinoma of the prostate with 
extensive skeletal metastases. Examina- 
tion of the prostate in Case 1 revealed 
little in the way of abnormality at the 
time of admission. Later is this case, 
and in the second case on admission hard- 
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ness and fixation of the prostate wer 
found. However, without the Roentg 
ray evidence of skeletal involvement tl 
diagnosis of carcinoma of the prostat 
would have been more difficult to establis] 

In Case 1 the existence of metastat 
lesions extending to the distal phalang 
of the hands and feet is rather remarkabl 


since metastatic lesions rarely are found 


below the knee or elbow. The mechanis: 
of myelophthisic anemia remains som: 
what obscure although it would appear 
reasonable to believe that the hemati 
poietic marrow has been crowded out | 

the abnormal tissue. Vaughan" believe 
that certain cancers deprive the hemat 

poietic cells of necessary nutritional fa 

tors, thus leading to an imperfect formati n 
of blood cells. 

Several recent reports have noted im 
provement in anemia coincidental with 
the modern treatment of prostatic carcin- 
oma but no blood values have been 
reported.® 

A question which naturally arises 
whether the effect of castration and estr 
gens in the last case was directly upor 
blood formation or indirectly through an 
effect on the cancerous metastases. The 
absence of testicular function, as_ in 
eunuchs, tends to lead to slight anem!] 
In 7 out of 8 such cases given methy! 
testosterone or testosterone propionate or 
both, the red blood cells and hemoglobin 


10 


increase. Castration of rats leads to a 


moderate decline in red blood cell and hemo- 


‘and regeneration of 


globin values, 
after induced hemorrhage in such animals 
is less rapid than in normal rats. The 
administration of androgens to castrat 
rats leads to marrow hyperplasia and ré 
blood cell increases,’ and similarly speeds 
the regeneration of red cells following 
induced hemorrhage in both normal ar 
castrated rats.6 Androgen administrati: 
in rats prevents the pancytopenia whi 
follows hypophy sectomy.‘ There is tl 
little evidence which would suggest that 
castration with the concomitant decline 
in androgen production would directly 


ad 
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to an increase in red blood cell forma- 

rather the reverse might be antici- 
n therapeutic doses in women there is 
evidence that stilbestrol produces any 
nge in the blood.** In rats no change 
e bone marrow or the peripheral blood 


irs wit | doses comparable to those used 


man With excessive doses, ranging 


) to 500 times the usual maximum 
rapeutic dose, rats develop anemia, 
copenia, thrombocytopenia and bone 
ow hyperplasia followed by hypo- 


In dogs massive doses first 
duce leukocytosis which is rapidly fol- 
leukopenia (eventually culmi- 
ng in agranulocytosis), anemia, throm- 


topenia and bone marrow hypo- 
la ° The administration of 10 
of diethylstilbestrol to adult rhesus 
nkeys has been reported as having no 
the blood except for slight 


but following the administration 


fect on 
mia, 

f carbon tetrachloride a similar quantity 
ids to marked anemia.’ 

Similar effects to those obtained with 
bestrol have occurred following the 
of benzoate to 
and to dogs.** Estradiol has like- 


e bee n show n to retard red blood cell 


estradiol 
13 


ministration 


| hemoglobin regeneration after induced 
iorrhage in rats.° There is thus no evi- 
nce that stilbestrol stimulates erythro- 
esis, but rather that in large doses it 
duces pancytopenia with bone marrow 
poplasia. 

\lthough much of the above work was 


formed on animals and thus may not 
trictly applicable to man, the fact that 
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in Case 3 nucleated erythrocytes disap- 
peared from the peripheral blood and the 
number of band form polymorphonuclear 
neutrophils decreased markedly suggests 
that either one or both of the therapeutic 
procedures directly affected the carcinoma 
Whether this effect 


is a specific one for prostatic carcinoma or 


in the bone marrow. 


W hether the effect is obtained by virtue of 
an action of estrogens on the bone pro- 
It 


the results obtained warrant 


ducing or destroying cells is not clear. 
is felt that 
a trial of estrogenic therapy in cases of 
myelophthisic anemia due to metastases 
from other types of carcinoma. 

Summary. 
phthisic anemia as the presenting mani- 


Three patients with myelo- 


festation of carcinoma of the prostate with 
widespread skeletal metastases have been 
presented. The first two of these patients 
were observed before present-day methods 
of treating carcinoma of the prostate were 
evolved. Each died within a few months 
of diagnosis with anemia controlled only 
The third patient, 
whose blood values declined during a pre- 


by blood transfusion. 
liminary period of treatment with iron 
and liver extract, was castrated and sub- 
sequently treated with 5 mg. of diethyl- 
stilbestrol daily, following which the blood 
values returned nearly to normal. Symp- 
toms referable to skeletal involvement dis- 
appeared. 
present 


This improvement was still 
later. Although the 
mechanism of this response is unclear, it 


7 months 
is suggested that the treatment so affected 
the metastatic cancerous tissue invading 
the bone marrow that more normal hema- 


topoiesis was able to take place. 
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INTEREST in the field of antihistamine 
therapy has stimulated a search for newer 
compounds possessing greater activity in 
allergic states than those presently avail- 
able, and which at the same time may 
prove to be less toxic when used clinically. 
A promising development in this line of 
endeavor has been the synthesis® of N- 
a-pyridil)-N-(a-thenyl)-N’, N’-dimethyl- 
ethylenediamine hydrochloride, supplied 
to us for this study under the name of 
Thenylene.”* 


H H CH 
/N—C—C—-N HCI 
H H CHs 


This compound is closely related to 
Pyribenzamine and Neoantergan and dif- 
fers in chemical structure by the substitu- 
tion of a thiophene radical for the benzyl 
or methoxybenzyl ring. Thenylene, in 
common with other antihistaminics previ- 
ously investigated, possesses marked speci- 
ficity against the pharmacologic actions of 
histamine. It abolishes the histamine 
contraction of the isolated guinea pig 
ileum, markedly reduces the vasodepres- 
sion induced by histamine in the anes- 
thetized cat, and protects the guinea pig 
against the lethal effects of aérosolized or 
intravenous histamine. Activity against 
the acety lcholine and barium chloride con- 


ity College of Medicine) 


tractions of the rabbit’s intestine is rela- 
tively small as compared to atropine and 
papaverine.’ Acute toxicity in mice® i 
comparable to Pyribenzamine and Bena 
dryl. Animals receiving 20 mg. per kg 
of the drug for 4 weeks showed no patho- 
logic organ changes. There have been 
noted in other studies, pathologic changes 
in the liver of some animals receiving mas 
sive doses over prolonged periods of time.‘ 

In the present investigation, the anti- 
histaminic, antianaphylactic, and anti 
allergic properties of Thenylene were stud 
ied in order to make some comparison 
with other drugs of this series, and to gain 
some insight, if possible, into the relation- 
ship of antihistaminic and antianaphylac 
tic activity to clinical efficacy in allergi: 
states. 

ANTIHISTAMINIC Activity. <A standard 
protective dose of 3 mg. per kg. of Theny!- 
ene was administered intraperitoneally to 
a group of male guinea pigs, 400 to 500 gm 
in weight, 15 minutes prior to the intra 
venous injection of histamine (Table 1 
TABLE 1 PROTECTIVE ACTION OF THENYLEN 


3 Ma. per Ka., AGAtInst INCREASING 
AMOUNTS OF HISTAMINE 


Histamine I.V. No. Mortality 

mg. (base)/kg inimals % 
0.4 6 0 
0.8 8 13 
0.12 7 29 
2.0 Ss 50 
3.0 10 50 
4.0 10 80 
5.0 10 90 
6.0 10 100 


he experimental work in this study was supported by a grant from Abbott Laboratories, Not 


Chicago, Illinois 


* Thenylene brand of N-(a-pyridyl)-N-(a-thenyl)-N’, N’-dimethylethylenediamine hydrochioride w 


supplied by the Abbott Research Laboratories, North Chicago, Illinois. 


The same drug is undergoi! 


clinical trial by Eli Lilly & Co., under the designation of Histadyl. 
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ANTIHISTAMINIC, ANTIANAPHYLA( 


e 100% |e thal dose of histamine when 
ected into the penile vein of male guinea 
ias been determined to be 0.4 mg. 
ky. of the base.! This standard dose 
lhenylene protected all animals against 
ethal dose of histamine, while 50% of 

inimals survived as much as 3 mg. per 

of histamine, approximately 8 lethal 


SIX my 


per kg. of histamine, or 
lethal doses, produced LOO % mortality 
this group of Thenylene-treated ani- 
ils. The protective action of decreasing 
yunts of Thenylene against 1 lethal dose 
histamine was also determined (see 


le 2). One mg. per kg. of Thenylene 


rECTIVE ACTION OF DECREASING 
AGAINST 1 LETHAI 
Dose (0.4 Ma./Ka. Base) or HistaMInt 
N Mortality 
U1 10 60 
Ul 10 L100 
ented death in all animals tested, 
ile 0.1 m per kg. protected 4 out of 


A dose 
per kg. afforded no protection. 
A\NTIANAPHYLACTIC Activity. Male 
100 to 500 gm. in weight, 


guinea pigs against fatal shock. 


nea pigs, 
re sensitized by the intraperitoneal in- 
tion of 0.1 cc. of normal horse serum. 
velve days later a shocking dose of 1 ce. 


the same serum was administered intra- 


ously (see Table 3). Of the controls, 
PROTECTIVE ACTION OF DECREASING 
AMOUNTS OF THENYLENE AGAINST 
ANAPHYLACTIC SHOCK 
No. Mortality 
inimals (%) 
U | 14 100 
0 10 20 
0 14 43 
QO 10 100 


died in typical anaphylactic shock. 
remaining guinea pigs were divided 
3 groups, and given 1,0.1 and 0.01 mg. 
kg. of Theny lene respectively by intra- 
toneal injection, 15 minutes prior to 
shocking dose of antigen. Fatal ana- 
laxis occurred in 20% of the animals 
ing 1 mg. per kg. of Thenylene. A 
tality of 43% occurred in the group 
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pretreated with 0.1 mg. per kg. Those 
receiving 0.01 mg. per kg. were not pro- 
tected against fatal anaphylactic shock. 
ANTIALLERGIC Activity. The clinical 
action of Thenylene was studied in 117 
patients with | or more allergic complaints 
(see Table 4). Twenty patients had 2 


No Im- Unim- 
treated proved proved 
Urticaria 
Acute 5 4 l 
Chronie 7 2 
Seasonal hay fever 10 30 10 
Rhinitis, perennial aller- 
gic 50 32 18 
Asthma 21 7 14 
Dermatitis 
Atopic 2 
Contact 5 } 
Unclassified 2 0 2 
Headache, allergic 2 0 2 
Pruritis ani, allergic l 0 l 


complaints, and the effect on each was 
A favorable 
effect on certain allergic symptoms was 


not necessarily the same. 


observed, similar in nature to that exerted 
Clinical 
effect when present, occurred within 30 
minutes following oral administration, and 
lasted several hours. 


by other known antihistaminics. 


The drug was usu- 
ally administered to adults in doses of 
100 mg., 
this amount was given to children. In 


while one-quarter to one-half 


those with constant symptoms, the drug 
was prescribed 4 times daily, after meals 
and at bedtime. Where symptoms were 
intermittent it was recommended only 
when necessary. In many instances it 
was found that smaller amounts than 
originally prescribed were adequate in 
controlling symptoms. 

The majority of patients with urticarial 
dermatoses noted a reduction of lesions 
and pruritus following each dose of drug. 
In 5 cases of acute urticaria, all but 1 ex- 
perienced marked relief, 
while 7 of 9 patients with chronic urticaria 


symptomatic 
noted a favorable effect. Approximately 
75% of acute seasonal hay fever obtained 
some benefit from the drug, although 
relief of symptoms was seldom complete. 


The mild discomfort occurring in some 


patients who had received protective im- 
munization against the specific allergen 
to which they were sensitive appeared to 
benefitted than the 
severer symptoms of unimmunized indi- 


be more greatly 


viduals. In many cases the drug appeared 
to be more effective in alleviating symp- 
toms at the onset and height of the rag- 
weed pollinating season than in the latter 
days when the pollen count was declining. 
This has also been observed to be the case 
with other antihistaminic drugs. Sympto- 
matic benefit was somewhat less in cases 
of non-seasonal allergic rhinitis, 64% of 
patients noting some improvement. The 
drug was used in 21 cases of asthma with 
Relief of 
symptoms in the latter was not striking, 
and usually not as great as that ob- 


benefit occurring in 7 patients. 


tained from older remedies such as epi- 
nephrine, ephedrine or aminophylline. 
The pruritus of atopic and contact der- 
matitis was notably diminished in 5 of 
7 patients. In 2 other cases where the 
type of dermatitis could not be accurately 
classified, but which were felt to be allergic 
in nature, no help was evident. Results 
were negative in 2 instances of allergic 
headache, and in 1 case of pruritus ani. 
SIDE AcTION. Qne or more side effects, 
usually mild in nature, were encountered 
in approximately 25% of the patients 
receiving the drug. These occurred most 
often when doses of 100 mg. were admin- 
istered but rarely affected the continued 
administration of the drug. A reduction 
in dosage to 50 mg. obviated the side action 
in most instances. Drowsiness, which is 
the most common side effect noted with 
other antihistaminics, occurred in 13 pa- 
tients. Vertigo, headache, gastro-intes- 
tinal distress and excessive dryness of 
mucous membranes were next in order of 
frequency. No serious toxic action was 
observed in any patients in this group. 
Few received the drug continuously for 
periods of more than 2 weeks. In 1 pa- 
tient who received 400 mg. daily for 
10 weeks, and in 2 others who received 
the same dosage for 8 weeks, no changes 


FRIEDLAENDER, FRIEDLAENDER: 


in the peripheral blood or urine wet 
observed. In view of the liver chang 
occurring in laboratory animals receivin, 
large doses over prolonged periods’, 
would seem advisable to follow closel, 
with laboratory studies any patient re 
ceiving large amounts of the drug for 
long period of time. 

Discussion. Thenylene compares fa 
orably with other antihistaminic agent 
already in use in this country and abroad 
Its activity against histamine is some- 
what less than that of Pyribenzamine or 
Neoantergan when compared on the basis 
of protection afforded the guinea pig 
against multiple lethal doses of histamin: 
When its effectiveness is measured against 
1 lethal dose of histamine, or by its abilit: 
to prevent fatal anaphylaxis, it is closel; 
comparable to other active drugs of this 
series. While one is tempted to make clini- 
cal comparisons between symptomati 
drugs in allergy, this must be done wit! 
due regard to the variability of the allergi 
state in the same individual at different 
times. Thenylene, in the dosage employed 
in this study, exerts a palliative action in 
many allergic conditions of a similar order 
shown by other antihistaminics currentl; 
available. As more drugs of this group 
are synthesized, it becomes evident that 
patients who fail to obtain a favorabl 
action from 1 compound, may react moré 
satisfactorily to a related compound. 
The relatively low incidence of side action 
at effective dosage entitles Thenylene to 
a place in the growing list of palliative 
agents in allergy. These drugs, of course, 
do not replace etiologic investigation, the 
elimination of offending allergens, or de- 
sensitization where indicated, but act 
helpful adjuncts in the control of the 
allergic state. 

Summary. 1. N - (a- pyridyl) - N - (a- 
thenyl) - N’, N’ - dimethylethylenedia- 
mine hydrochloride (Thenylene) was in- 
vestigated with reference to its effective- 
ness in preventing fatal histamine shock 
and anaphylaxis in guinea pigs, and in 
alleviating allergic symptoms in man. 


for) 
to 


ANTIHISTAMINIC, 

2. As many as 15 lethal doses of hista- 
ne were required to kill some animals 
otected with 3 mg. per kg. of Thenylene. 
One mg. per kg. of the drug protected all 
mals against | lethal dose of histamine, 


hile 0.1 mg. per kg. protected 40% 
galnst this fatal dose. Marked protec- 


on against fatal anaphylaxis in guinea 
gs was observed with as little as 0.1 mg. 
er kg. of Thenylene. 


}. Symptomatic relief for several hours 
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following each dose of the drug was evi- 
dent in many cases of urticaria, hay fever 
Results in 
asthma were not striking. The pruritus of 


allergic dermatoses were alleviated in some 


and perennial allergic rhinitis. 


instances. 

4. Mild side effects, such as drowsiness, 
vertigo and gastro-intestinal upset, oc- 
curred in 25% of those receiving the drug. 
These were rarely severe enough to war- 


rant discontinuation of the drug. 
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PERFORATION of the interventricular 
septum as a complication of cardiac infare- 
tion is a syndrome occasionally found at 
autops\ and rarely diagnosed before death. 
The purpose of this article is to review 
the literature on this subject and to add 
2 more cases to those pre iousl reports d. 
he fifteenth 
reported case in which the diagnosis was 


One of the present cases is t 


made antemortem. 

[In 1934 Sager reviewed the literature 
with regard to perforation of the infarcted 
interventricular septum and reported a 
case of his own. At that time, including 
’s case, a total of 18 cases had been 
reported Until then only 1 case had 
been diagnosed antemortem, Sager’s case 
In 1943, Weber” again 
reviewed the literature of this subject and 


being the second. 
reported a case of his own. Sixteen addi- 
tional cases of this entity were found, of 
which 5 were diagnosed antemortem. 
Since Weber’s review, 7 additional cases 
had been reported through July 1946 in 
addition to 13 cases found by Edmondson 


and Hoxie 


diagnosed antemortem. 


Seven of these 20 cases were 
Thus, a total of 
54 cases of this condition had been report- 
ed through July 1946, of which 14 were 
Weber’s! 


was a 46 year old man, who was seen 


diagnosed antemortem. patient 


9 days after the onset of precordial pain 
with a rough systolic murmur over the 
entire precordium, maximal in the fourth 
and fifth left intercostal spaces and a 
He died 

Lober 
reported the case of a 68 


palpable thrill in the latter area. 
2U days after the onset of pain. 
and Hertzog® 


vear old white woman who deve loped pre 
cordial pain 7 days prior to examinatio1 
When first obs rved she had a systolic 
thrill and murmur in third and _ fourt! 
interspaces to the left of the sternum 
She died the day Master 


and Russell"! report a 47 year old mat 


of admission. 


who had a typi al history for myvocardia 
infarction and ECG changes of an‘ante 
rior myocardial infarction. On the 3r 
day of his illness, he developed a sy stoli 
thrill and systolic murmur in the fourth 
left interspace. Right axis deviation ce 
veloped on ECG and Q3 appeared. Thi 
patient died on the 11th day of his illness 
\t autops) there was acute infarction at 


the apex of the left ventricle as well a 


2 perforations of the interventricular 
septum 
Wood and Liveze 


case who survived 4 years and 10 mont! 


report an unusua 


after his acute episode of septal perfora 
tion. The patient was a 44 year ok 
white man seen | month and 6 days after 
He had a lou 


rough systolic murmur and systolic thril 


coronary pain appeared. 


over the lower sternum. Two weeks late 
he developed right heart failure and ‘ 
weeks later depend nt edema which neve 
left him. 
but very little by divitalis. At necrops 


He was benefited by mercurial! 


the right coronary artery was thrombos« 
and there was a 1.5 cm. perforation in th 
interventricular septum. Edmondson an 
Hoxie,® in a review of 25,000 consecutiv 
necropsies performed at the Los Angel 
County Hospital over a 17 year perio: 
found 865 unhealed infarets, 72 of whi 


| 
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ruptured, and 13 of which had rup- 
red interventricular septa. Three of 
were diagnosed antemortem. The 


ie of survival was known in 11 cases; 
average of 10 was 2.25 days, the other 
ng several months. In 11 of the 

a systolic murmur observed. 
on, Hunter and Manlove,’ reviewing 
(0 autopsies, found 40 cases of cardiac 
pture, 2 of which had perforated septa. 
e of these 2 was a 60 year old man 
ind dead in bed; he had not been pre- 
uusly examined. The second was an 
year old man who became dyspneic 
lavs prior to admission. On admission 
had a loud apical systolic murmur 
nsmitted to the axilla and back. He 
on the 2nd hospital day. Wood! 
orted a case in a 69 year old white 
man who had a severe attack of pre- 
dial pain 10 days before admission. 
ere Was on admission a blowing systolic 
irmur over the lower sternum, trans- 
tted to the axilla and up the sternum. 
ere Was no thrill. ECG showed evi- 
nee of recent’ posterior infarction. The 
tient expired 5 weeks after admission. 
loster® reports the case of a 67 year old 
te man who was hospitalized soon 
er the onset of substernal pain with 
liation down the left arm. Physical 


dings are not given in his report. At 


itopsy, 3 days later, there was found an 


terior myocardial infarct with septal 
olvement and a_ septal perforation 
m. in diameter located anteriorly near 
cardiac apex. 
jean? in his review of 300 cases of 
dias infarction collected from the 
ords of the Boston City Hospital found 
tance of infarcted septum with fresh 
roration Through the courtesy of this 
hor we are able to report this case in 
re detail than appeared in his original 
cle 
Case Reports. Case 1. A 35 year old 
te American woman was admitted to 
Boston City Hospital on Jan. 17, 1936. 
past history was negative except for 
n diabetes. The history was sugges- 


tive of anginal pain first occurring 7 days 
before hospital admission. 

P. E. P. 100; R. 30; B.P. 0/0. Obese 
white woman in coma and shock on admis- 
sion. Heart percussed normal in size. 
Heart sounds were clear. There were no 
murmurs. Kussmaul breaking was noted. 
The lungs were clear to percussion and 
auscultation. 

Laboratory Data. WBC 7000. Urine 
showed albumin, sugar, casts. Blood sugar 
480 mg. per 100 ec. NPN 80 mg. per 100 ce. 

Course. Patient was given insulin, fluids 
but no digitalis. She expired during the 
Ist hospital day. 

Necropsy Findings. The heart weighed 
320 gm. with body weight of 70 kg. There 
was marked sclerosis of the left coronary 
artery. The heart valves were normal. 
There was a fresh thrombus in the left 
anterior descending coronary artery occlud- 
ing this vessel. The anterior portion of the 
interventricular septum and adjacent por- 
tions of the right and left ventricular walls 
were infarcted. In the anterior portion of 
the septum near the apex was a ragged, 
irregular perforation 1.5 em. in diameter. 
The lungs showed moderate congestion and 
edema. Liver, kidneys and spleen were not 
remarkable. There was generalized arterio- 
sclerosis, no evidence of emboli or other 
thrombi. 

Cask 2. L. H.,a 76 year old white woman, 
was admitted to the medical service of the 
Cincinnati General Hospital on July 10, 
1947. Two weeks prior to admission the 
patient developed a productive cough with 
some substernal chest pain on coughing. 
She also complained of pain in the abdomen, 
back, left hip and left leg. For a week prior 
to admission she had been febrile, had had 
chilly sensations, and had been confined to 
bed. During this week she had been semi- 
conscious most of the time with occasional 
lucid intervals; also during this period she 
vomited frequently, and her breathing was 
observed to be labored. She became com- 
pletely unresponsive on the day of admission. 

P.E. T. 101; P. 64; R. 48; B.P. 120/80. 
The patient was a moderately obese, dysp- 
neic, slightly cyanotic white female. She 
was not orthopneic. She was disoriented 
but responded to commands in a confused 
manner. Neck: no venous distention. 
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Fig. 2.—Case 2. ECG (July 18, 1947) showing Q, and elevated 
ST. consistent with posterior left ventricular inf 


Absent R waves in \ Vv. V 


Fig. 3.—Case 2. ECG (July 23, 1947) showing interference 


dissociation, Q, and inverted T., consistent with 


posterior left ventricular infarction. 


WI 


| 
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Fig. 1 Case 2. ECG (July 10, 1947) showing Q ind ele ited SJ { ¢ 
onsistent with posterior left ventricular infarction Reciprocal iv 
ST depression in leads I and Cl rig] 
4 
le 


tate slow; rhythm regular. 


PERFORATION OF THE 


ilar fundi: tortuous arterioles and A-V 
‘king. Mouth: edentulous. Tongue dry. 
est: over the right lower lobe posteriorly 
re were impaired resonance, fine rales 


breath sounds. Heart: 
nt of maximal impulse in sixth left inter- 
stal space 2 em. from midelavicular line. 


1 suppressed 


No murmurs. 


domen: slight generalized tenderness and 
reased resistance to _ palpation. No 
sses Liver thought to be percussed 
1. below right costal margin. Extremi- 
bilateral calf tenderness and 14 pre- 


al edema, but Homan’s sign negative. 


o small yurpuric spots were seen on the 
ht leg. Neurologic: all deep reflexes were 

There 
the right 


peractive was a 


Pelvic 


questionable 
and rectal: 


nski 


iTIVE 


boratory Data. Hgb. 15 gm.; RBC 
10,000; WBC 26,700 on admission; 94% 
morphonuclears and 6° lymphocytes. 
3C 18,500 2 days before death. Cath. 
grav. 1025; Alb. 1+ no sugar; 
RBC, no WBC or easts. Stools guaic 
itive, yellow. Kahn, neg. BUN 60mg. % 
admission, later 70, 100, and 90 on day 
eath. CO, 38 vol. % day of death. Blood 
ire negative. Prothrombin times 17 sec., 
24.5 and 24. 24.2 2 sec. 
CG. July 10, 1947. (Fig. 1.) Interfer- 
dissociation. Auricular rate 100; ven- 


sp. 


INFARCTED 


at full volume. 
half volume 
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tricular rate 60. QRS 0.06 sec., QT 0.32 
sec.; Q3 present. July 12, interference dis- 
sociation. Q2 and Q3 present; ST2, ST3 
elevated; ST1, ST4 depressed. July 16, 
same. July 18, 1947. (Fig. 2.) Sinus 
rhythm. PR 0.22 QRS 0.08 sec. 
QT 0.36 see. Q3 present. ST1 depressed, 
ST3 elevated. Q wave in V1, V2, V3, VE. 
ST in V5 depressed with T inverted. July 


sec. 


23, 1947. (Fig. 3.) Rate 100. PR 0.20 
QT 0.26. Q3 present. ST3 elevated. ST1, 
1 low, sagging. Nodal premature beat. 
Chest Roentgen Ray. July 10, 1947. 
Heart 14.5 em. in chest of 22.5 em. Sug- 
gestive bilateral pulmonary edema. Area 


of increased density in right midlung field 
read as possible infarct. 

Course. The patient was given penicillin 
for the first 10 days of her hospital stay. 


Upper tracing taken at approximately 


Her temperature became normal on the 
3rd day and remained so except for eleva- 
tions to 100° during the 3 days prior to 
death. On the morning following admission 
the heart rhythm was found to be irregular 
with pauses occurring every 2 to 8 beats. 
The runs of 2 to 8 beats seemed to be regu- 
lar. On the 7th hospital day a harsh Grade 4 
(Levine) systolic murmur was audible over 
the entire precordium. This murmur was 
loudest in the fourth left intercostal space 
just to the left of the sternum. (Fig.4). 

Phonocardiogram tracings taken on July 24 


| 
Case 2. Lower tracing taken 


FOW LER, 


with microphone over fourth left intercostal 
from sternum loud 
murmur filling nearly all of systole. A sys- 
tolic thrill was felt in this area and at the 
Two days prior to death the 
patient, who was previously only slightly 
improved, seemed worse. 


space 35 cm. showed 


cardiac apex. 


She became dysp- 
neic with associated periods of apnea and 
began to run slight fever. On the 15th hos- 
pital day the patient was found to be unre- 
sponsive 3.P. 85/70. Respirations were 
18. There was dullness and_ bronchial 
breathing over the right upper lobe. Lung 


FIALEY 


thrombi; ( 
ular septum through a 


1) recent pe rforation of unterventrii 
infarct; (5 


multiple pulmonary emboli and pulmonary 


fresh 


infarction; (6) chronic passive congestion 
with acut 
thrombosis of iliac, perivesical, uterine, right 
ovarian, veins; (8) meta 
plasia of pancreatic duct with small foei 


viscera eardiae cirrhosis: (7 


renal squamous 


fat necrosis; (9) fibrosis of suprarenal cay 
sule; (10) hemopericardium. 

Gross De scription of Heart (Figs. 5 and 6 
The heart weighed 350 gm. The pericardi: 


sac contained 24 ec. of grossly bloody fluid 


of heart shown 


5 Anterior view 
septal perforation. 
bases were clear. Left border of cardiac 
dullness was 11 em. from the midsternal 
line. The systolic thrill and murmur were 


present as before. There was no cyanosis. 
The patient expired later the same day. 

Antemortem Diagnoses. (1) Posterior myo- 
cardial infarction; (2) probable perforation 
of infarcted interventricular septum; (3) 
probable bronchopneumonia or possible pul- 
monary infarction. 

Necropsy Diagnoses. (1) Coronary athero- 
sclerosis; (2) extensive myo- 
cardial infarction; (3) old and recent mural 


progressive 


cardial surface of left ver 


Seale in inches. 


The left 
petechial hemorrhages and large areas 
pallor and yellowish discoloration. The e] 
cardium was clouded in these areas and t 
underlying myocardium softened. Cardi 
chambers dilated with softening 
the entire myocardium. The entire int 
ventricular septum was soft, mushy, al 
yellow-gray as were the adjacent parts 
both ventricles. There was also a secti 
of the midportion of the left ventricul 
wall having the consistency, all 
these areas representing sites of old ar 


surface of the ventricle shows 


were 


same 


l 


rece 
thro 
mur 
aurl 
ol 1 
qaian 
ily 
sept 
righ 
ron 
tric] 
edge 
onal 
at] 
th 
TI 
al 
the 
clu 
aft 
Of 
the 
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ent infarction. There was a large mural 
ymmbus in the left ventricle and smaller 
al thrombi in the right_ventricle and right 
cle. There was a complete perforation 
the interventricular septum 1 ecm. in 
located 2 below the mitral 
e on the left side and just beneath the 
tal flap the tricuspid valve on the 
t side. This perforation was 1.5 cm. 

the epicardial surface of the left ven- 


etel em. 


le. It was ovoid in shape with irregular 
es. The coronary arteries showed athero- 
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only 6.4 days. Six survived over 1 month 
but less than 1 year. One extraordinary 
years and 10 months." 

findings 
of the remaining 16, 


case survived 


Electrocardiographic were un- 
known in 38 cases; 
t showed posterior infarction; 4 “ cardiac 
| anterior infarction, 1 com- 


RAD, 1 RBBB, 


and 2 
The signs were unknown in 


infarction,” 
plete block, 5 
a large Q3. 
there were none in 2 


10 Cases, cases. 


Of the 45 in whom physical findings were 


j 


2)" 


6 Ante 
septal perforation. 


is and calcified plaques. The left cor- 
was occluded at its bifurcation by an 
romatous and calcified plaque. Similar 
nal stenosis occurred 15 mm. distal to 
n the left anterior descending branch. 
right coronary ostium was narrowed by 
theromatous plaque in the aorta, but 
was no area of occlusion apparent. 
discussion. 
ng the present, the time of survival 
septal perforation was known in 38. 
hese, 31 survived less than 1 month; 


In the 56 total cases, in- 


31 had an average survival time of 


rior view of heart showing endocardial surface of right ventricle. 


Probe marks 
(Seale in inches.) 


known, 43 showed systolic murmurs, usu- 
the left of the 
of the 45 showed systolic 


maximal to lower 


sternum; 22 


ally 


thrills; only 3 showed diastolic murmurs, 
and none showed diastolic thrills. 

The 2 cases in which no murmur was 
heard were those of Bean,? and Bickel and 
The latter of these was a man 
old had until 
15 days before hospital admission. At 
this time he developed rather suddenly 
cough, dyspnea, anorexia and weakness. 


Mozer.* 


87 years who been well 


T 
Q 
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He had no chest pain at any time. On 


admission he had Cheyne-Stokes breath- 


ing, heart sounds of poor quality, but a 


blood pressure ot 150/70 He had signs 
ot bronchopneumonia No murmur was 
heard, and there no mention of an\ 


pulmonary or cardiac condition which 


might obstruct the transmission of a 


murmur The patient died on the 5th 
hospital day after an uneventful clinical 
course \t autopsy) there were found 
thrombi obstructing both coronary arter- 
ies and a septal infarct with perforation. 
Thi pe rforation was in the posterior part 
of the septum and measured 2 x 0.5 em. 

Bickel and Mozer attributed the ab- 
sence of any murmur in this patient to 
the large size of the septal perforation. 
In their discussion of the case they state 
that they 


blood flow as adequate for the production 


regarded the cardiac tone and 


of a murmur provided proper local condi- 
tions were 
Bean’ 


foration, but here the patient was in coma 


present. 


; case also had a large septal per- 


and hock and the blood pressure unob- 
tainable (mong the other cases reviewed 


in the present paper were several with 


septal perforations as large or larger than 
Bean's, or Bickel and Mozer’s cases, and 
in all of these murmurs alone or murmurs 
and thrills were found. In addition there 
appeare d to be no correlation between the 
size or lov ation of the perforation and the 
intensity of the murmur. 

In S 


ager’s'® review, 15 of 18 cases gave 


a history typical of coronary occlusion. 
The physical findings, according to him, 
are those usually found in cases of patent 


When both of 


these conditions occur in the same patient, 


interventricular septum. 


the diagnosis of perforation of the infarct- 
ed septum is to be made. The murmur is 
usually loud, according to Sager, usually 
accompanied by a thrill, and transmitted 
to the left axilla but not to the neck ves- 
sels. He explains the infrequency of sep- 
tal perforation as compared to that of rup- 
ture of the ventricular wall by the rich 


arterial supply to the septum. 


FAILEY: 


» Weber, 


perforation of the infarcted septum is mad 


According t the diagnosis ( 
by the sudden appearance of a loud sj 
tolic murmur and a palpable thrill in 
patient who is known to have myocardia 
infarction. He states that the prognos! 
is much worse in this condition than in 
the usual case of myocardial infarctio1 
not because the perforation interfere 
with cardiac dynamics, but because the 
perforation is ordinarily seen only In 
infarction. He state 


that the left coronary 


cases of massive 
artery is usuall: 
occluded in these cases, and that in add 

tion the right coronary is usually sclerosed 
and incapable of aiding in anastomos« 

Lober and Hertzog® state that symptom 
at the time of perforation are unusual 
but if the patient lives long enough, thers 
always develops an intractible right-sided 
death from heart failur 


Wood and 


make the same statement. 


heart failure, 


being inevitable Livezey 

The conditions to be differentiated from 
perforated septum are rupture of a papil- 
lary muscle of the left ventricle following 
cardiac infarction, congenital potency of 
the interventricular septum, perforatio1 
of the septum due to subacute bacteri 
endocarditis, and rupture of a mitr 
chorda tendinea. 


With 


complicating infarction, the heart, accord- 


rupture of a papillary mus« 


ing to Sager, usually becomes marked 
dilated, the 
and diastolic murmurs are more commo! 


murmurs are even louder 
Too, the signs are evenly distributed ove 
the precordium, or maximal at the ape 

Weber states that here there is a more 
sudden change for the worse, and mor 


likelihood ot left-sided than right-sided 
heart failure. Until July 1946, on 


16 of ruptured papilla 


muscle following cardiac infarction § ar 


recorded with examination 
the heart. 


systolic murmur, | had an apical diastoli 


phy sical 
Of these, 6 had an api 


murmur, 3 had an apical systolic and dias- 
tolic murmur; 1 had “murmurs,” 1 had 


“noises,” 1 had a friction rub in the 


| 
| 
hi 
: 


rth left 
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terspace and an apical gallop; 


> no murmurs were heard, and in 1 case 


re Was no mention of murmurs. The 


n this condition is approxi- 


tel that of the former one. Of 23 re- 


ted cases of ruptured papillary muscle 

h can be attributed to coronary oc- 
ion, only 1 survived longer than 
ionth In the remaining cases the 
age survival was 4 days. 


ongenital patency of the interventricu- 
eptum may cause confusion, but 
ld be easily differentiated by the 
nce of history or ECG changes of 
eardial infarction. It would presum- 
impossible properly to diagnose 


tient having a previously undiagnosed 


genitall patent septum complicated 


nyocardial infarction. Acquired per- 
tion of the septum due to subacute 


terial endo arditis is to be differentiat- 


the positive blood cultures and the 
nce of embolic phenomena. Perfora- 
of the infarcted septum must also be 


ferentiated from ruptured chord ten- 


e, according to Bailey and Hickam.! 
latter condition is to be suspected in 
iiddle-aged or elderly individual who 
lenly, without dramatic incident, de- 
yps a loud systolic murmur, usually 
a thrill, maximal at the cardiac apex 
along the left sternal border. Con- 


e heart failure does not usually ap- 


pear in these cases for months or vears. 
The absence of clinical or laboratory evi- 
dence of cardiac infarction serves to dif- 
ferentiate ruptured chord from acquired 
patency of the infarcted interventricular 
septum. 

Summary. ‘Two cases of perforation of 
the infarcted interventricular septum are 
reported in 1 of whom the diagnosis was 
made antemortem. 

A total of 56 such cases have been found 
in the literature; 15 of these were diag- 
nosed antemortem. In 38 whose survival 
time was known, 31 survived less than 
| month, 37 less than 1 year, and 1 sur- 
vived 4 years and 10 months.  Forty- 
three cases of 45 examined showed sys- 
tolic murmurs, usually maximal to the 
left of the lower sternum; 22 showed sys- 
tolic thrills; only 3 showed diastolic 
murmurs. 

The diagnosis should be suspected in 
any patient known to have a myocardial 
infarction who suddenly develops a SVS- 
tolic murmur and thrill to the left of the 
lower sternum. The only condition likely 
to be confused is rupture of a_ papillary 
muscle following cardiac infaretion, where 
the condition of the patient suddenly be- 
comes worse, the murmurs are louder and 
nearer the apex, and the ensuing failure 
is left-sided rather than right-sided. 


’ Note: Since the submission of this article for publication 2 additional cases of rupture of 
terventricular septum as a complication of myocardial infarction have been reported. One case 
eported by D. Carrouui and 8. D. Cummins: Am. Heart J., 34, 893, 1947, The other by R 

RIVERA nd A. J Mu LER: Am. Heart J ‘ 35, 26, 1948 The first case showed a loud apical 

murmu heard also over precordium and the left upper qua lrant The se-ond showed an 

ystolic murmur heard also in the third left intercostal space. No diastolic murmur or systolic 
vas described in either case 


REFERENCES 


vn, W.B Ann. Int. Med., 12, 71, 1938. 


O. G., and Hicxuam, J. B. Am. Heart J., 28 578, 1944. 


NSON, R. L., Hunter, W. C., and Man.tove, C. H. Am. J. Path., 9, 295, 1933. 


and Mozer, J. J. 
H. A., and Hoxie, H. J.: 


Bull. et mém. Soc. d. hép. de Paris, 51, 1564, 1935 
Am. Heart J., 24, 719, 1942 


ISTER, | Quart. Bull. Northwest. Univ. Med. School., 20, 209, 1946 


LAUSEN-] RE, G., and HASENJAGER, E.: 


Klin. Wehnschr., 17, 540, 1938 


pscomsB, H. R.: Med. Bull. Vet. Admin., 15, 73, 1938. 
BER, P., and Herrzoa, A.-J.: Minnesota Med., 28, 733, 1945 


2 


Lowry, F. C., and Burn, C. G.: 


Arch. Path., 


31, 382, 1941 


Master, A. M., and Russeuui, T. B., Ann. Int. Med., 22, 440, 1945 


MorRAGUES, \ 


Am. Heart J., 17, 106, 1939. 
Sacer, R. U.: Arch. Int. Med., 53, 140, 1934. 


STEVENSON, R. R., and Turner, W. J.: Bull. Johns Hopkins Hosp., 57, 235, 1935. 


WEBER, M. 


Woop, A. M.: Brit. Heart J., 6, 191, 1944. 


Ann. Int. Med., 19, 973, 1943. 


Woop, F. C., and Livezey, M. M.: Am. Heart J., 24, 807, 1942. 


| 
la 
B 
i 


THE USE OF VITAMIN 
By SAMUEL 


I. 


1). Barron 
PHILADELPHIA, 

om the Cardiae Depa 
EARLY in 1946 attention was called by 
marked 
improvement resulting from the adminis- 
K to 


forms otf heart disease. 


Vogelsang and Shute" to the 


tration of vitamin patients with 


ariou Consider- 
ible publicity was given to the phenomenal 
results claimed in congestive 


hel Lpe uti¢ 


heart di ease and angina pectoris by those 


LuUTNOI Evan Shute! was quoted as 
aving ‘We have not learned of a single 
failure The percentage of success 1s 


remarkable.” Patients began to request 


the treatment from physicians, and less 


scrupulous drug houses quoted entire 


paragraphs from the articles recommend- 
in their attempts to sell 


ing itamin EK, 


pre parations otf alpha-tocopherol. 
] 


torlal comment in the Journal of the 
| in Medical Association2 however. 
decried this publicity given to unconfirmed 
work, stating “nothing in the known 


pharmacological actions of vitamin E 
would lead one to expect either a vaso- 
dilating action, a myotonic effect or an 
ability to repair damaged heart muscle in 
human beings.” 

Because of the widely divergent views 
quoted above, we decided to investigate 
various 


the influence of vitamin E on 


cardiac conditions studies 


Preliminary 


were begun in August, 1946, and we are 


reporting here our observations on the 
hrst 25 patients studied. 

Plan of Study. Cases for this study were 
selected from the Cardiac Clinic of the Jewish 
Hospital and the private practice of one ol 
After a complete history, physical 
examination, blood blood Wasser- 


inalysis, electrocardiogram and 


count, 


* Vitamin | the form of 100-mg. tablets of 


Hoffman-La Roche Company 


sAER, 


E IN HEART DISEASE 
M.D., F.A.C.P. 


Heine, M.D. 


AND 

rELFOND, M.D) 
PENNSYLVANIA 

f Jewish Hospi 


riment ¢ 


orthodiagram, a brief period of clinica 
observation was carried out. The patient 
were then given orally 400 mg. of vitamin E* 
Within 2 to 4 week 
daily 
The patients were then followed for 3 to ¢ 
Electrocard 


graphs were repeated at 2- to 4-week inter 


daily in divided doses 


this dose Was reduced to 300 mg. 


1x ssible 


months, whenever 
vals Those patients previously recelving 
such digitalis, mercurials 
phenobarbital, and the like, were continued 
could mor 
accurately evaluate the effect of the vita 
min E. 
was given, either digitalis or mercurials wert 
then discontinued, to determine if recurrenc 
of the cardiae failure would be prevented 
In some of those patients exhibiting apparent 
symptomatic response to vitamin E therapy 


preparations as 
on their medication so that we 


In some cases after the vitamin ] 


similarly appearing tablets of calcium gluc 

nate were substituted as a placebo. 
Results. Of 

with 


the 25 patients treated 
) 


vitamin E, 22 were considered to 


have been adequately followed, and form 
the basis of this report. Of these, 11 had 


congestive heart failure and 5 angina 


pectoris. The remaining 6 had hyperte1 
sion and/or arteriosclerotic heart disease 
without failure or angina. The essenti: 


features of these 3 groups of cases al 


shown in Tables 1, 2 and 3 respectivel; 


A summary of the therapeutic result 
obtained is presented in Table 4. 
FatturE (Table 1). Ot 


patients congestive hea 


CONGESTIVE 
the 1] 
failure, 


with 
3 are listed as questionably i 
In Case No. 


nution in the frequency of attacks of par- 


proved. there was din 


oxysmal nocturnal dyspnea. However. thi 
patient had discontinued working in 


] 


Ephynal Acetate was kindly provided for this sti 
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factory at about the time of her sympto- 
matic improvement, so that it was difficult 
to determine whether the medication or 
the decreased activity was responsible. 
Case No. 7 displayed a decrease in dysp- 
this effect 


the admiristration of a placebo. Case 


nea, but was also produced 
No. 10 claimed marked lessening of his 
dyspnea and precordial discomfort within 
1 week after beginning vitamin E. How- 
ever, when digitalis was stopped while 
itamin E was continued, signs of car- 
liac failure appeared (increased dysp- 
nea, tachycardia, pulmonary congestion). 
Compensation was restored with digitalis, 
nd when a placebo was administered, the 
patient 


ent. 


again claimed marked improve- 


1.—ReESULTS OF TREATMENT OF 22 
Cardiac 

Markedly improved 0 
Definitely improved 0 
Questicnably improved . & 
Unimproved . 
Worse 3 

ll 


Che remaining 8 cases were either unim- 
roved or became distinctly worse during 
with vitamin E. In 3 
No 18, 20, 21 


eraps cases 


mercurial diuretics, 
hich previously had been administered 
gularly, were discontinued during our 
atment with vitamin E, in order better 
the the 


In all these instances the cardiac 


evaluate effectiveness of 
eraps 
lure progressed and the mercurials again 
| to be given. Three of these 8 patients 
ame distinctly worse while taking vita- 
nk. Patient No. 1 developed increasing 
pnea and did not obtain relief until 
talis therapy was instituted. In Case 
3, edema and dyspnea increased after 
patient had been on continuous vita- 
1 E therapy for 6 months; mercurial 
etics were then effectively employed. 
Patient No 


d several bouts of severe congestive 


15, who had previously suf- 


VITAMIN E IN 


PATIENTS WITH 


HEART DISEASE 
failure, developed such an episode after he 
had been taking vitamin E for 6 weeks. 
Hospitalization and complete bed_ rest 
became necessary. 

In none of the 11 patients with con- 
gestive heart failure was a definite thera- 
peutic effect of the vitamin E noted. 

ANGINA Pectorts (Table 2). Of the 5 
patients with angina pectoris, 2 are listed 
In Case No. 
14 there was possibly a slight decrease in 


as questionably improved. 


the frequency of anginal seizures. Patient 
No. 17 claimed slight improvement in 
exercise tolerance. This occurred, how- 
éver, coincidentally with the arrival of 
milder weather. There was no increase in 
symptoms when the vitamin E was discon- 
tinued. Two patients (Nos. 9 and 14) 


Heart Disease VITAMIN E 
Hypertension 

and or 
arteriosclerotic 


Angina heart disease lotals 
0 0 0 
0 0 0 
2 1 6 
2 5 12 
l 0 4 
5 6 22 


showed no improvement and 1 (No. 19) 
became distinctly worse. He developed an 
acute myocardial infarction 3 weeks after 
the vitamin E was begun. 

In none of these 5 patients with angina 
pectoris was there unequivocal evidence of 
improvement during treatment with vita- 
min E. 

HYPERTENSION AND/OR ARTERIOSCLER- 
otic Heart Disease (Table 3). Of the 
6 patients in this group, none exhibited a 
definite therapeutic response to vitamin E. 


| 


In 1 (No. 12) there was a decrease in the 
incidence and severity of the headaches, 
but this effect was duplicated by a placebo. 

EFFECT ON BLoop PREssSURE, ELECTRO- 
CARDIOGRAM AND ORTHODIAGRAM. There 
was no definite alteration in the blood 
pressure of any of the patients. Serial 
electrocardiograms revealed no significant 


Case No. 13 illus- 


changes in any case. 
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trates the transitory nature of certain 
unrelated to therapy. A left 
bundle branch block present just prior to 


( hange 


the beginning of this study, disappeared 
for several months during the administra- 
tion of vitamin E. It reappeared, however, 
and again disappeared while the drug was 
still being taken. There were no changes 
in the orthodiagrams, except for the slight 
increase in heart size of several patients 
while their failure was becoming more 
severe. 
Discussion. 
open to a number of criticisms. The series 


A study such as this is 


of cases presented is small. Furthermore, 
in evaluating the effect of a drug in con- 
gestive heart failure or angina pectoris, it 
would have been preferable to present data 
obtained more objectively, such as circula- 
tion times, exercise tolerance tests, venous 
pressure, and vital capacity. We had 
indeed intended expanding our studies to 
include these observations, but the dis- 
couraging results presented in this pre- 
liminary report deterred us from carrying 
these investigations further. 

A consideration of the literature reveals 
little basis for recommending the use of 
vitamin E in human heart disease. The 
early experimental observations included 
the effects of vitamin E deficient diets on a 
rabbits,’ chicks! and rats,’ and on 
isolated heart muscle strips.‘ These 
results have not been uniform. For ex- 
ample, one observer’ reported cardiac 
disturbances in rats fed vitamin E deficient 
diets. Another,’ however, found no strik- 
ing change in the cardiograms of rats fed 
vitamin E deficient diets for 1 year. 

Even if we accept the debatable conclu- 
sion that vitamin E deficient diets in 
animals produce cardiac abnormalities, it 
does not appear logical to assume that 
vitamin E would therefore be of value .in 
the treatment of such varied cardiac dis- 
turbances in human beings as rheumatic 
heart disease, angina pectoris and con- 
gestive failure. At no time has there been 
any demonstrable proof that patients with 
cardiac failure or angina pectoris are defi- 


cient in vitamin E. It would appear just 
as illogical to recommend thiamin chloride 
or calcium salts or thyroid for all patients 
with heart disease, because prolonged 
deprivation of these agents may be asso- 
ciated with clinical or electrocardiographic 
changes. 

The only publications to date attesting 
to the beneficial effects of vitamin E in 
humans have been those of Vogelsang, 
Shute and Shute.*? 


reviews their articles critically, one hesi- 


4 Certainly if one 


tates to recommend vitamin E with th 
degree of enthusiasm they have mani 
fested. As a matter of fact, some of the 
data they present hardly warrant the con 
clusions reached. In one of their papers, 
for example, they present summaries of 10 
cases treated with vitamin E. In Cass 
No. 2, they State 
ping the dose of ephynal on March 29, and 


“She insisted on stop 


reverted to her digitalis instead. Her reliet 
was immediate.” In Case No. 3, the 
regression of electrocardiographic changes 
in a patient with acute rheumatic fever are 
attributed to vitamin E therapy, rather 
than the natural course of the disease. Ir 
Case No. 6, the description of the cardio- 
grams suggests acute myocardial infarc 
tion. Decrease of the chest pain need not 
have been due to vitamin E. Man 
patients with acute myocardial infarction 
have less pain on the 2nd day than th 
first. In Case No. 8, the improvement wa 
attributed to vitamin E after a month of 
vitamin E therapy, even though digitalis 
was begun 2 weeks before improvement 
was noted. 

In their most recent paper Vogelsat f, 
Shute and Shute™ present a summary 
their findings in 126 unselected cases 
heart disease, and discuss some of t 
underlying pathologic physiology. Th: 
stated that improvement following the 
apy with vitamin E occurred becauss 
vitamin E (a) affects the blood-vessels, 
affects the myocardium, (c) may influen 
the pacemaker of the heart, and (d) m 
influence the thrombotic features of cor 
nary artery disease by improving the co!- 
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the ischemic area. 


We are not familiar with any proof of these 


teral circulation in 
echanisms in the experimental animal or 
man. They concluded that the great 
ajority of cases with angina, rheumatic 
heart disease, congestive failure and hyper- 
nsion are helped considerably by the 
idministration of vitamin E. 
Our results are so at variance with those 
published that we hesitate to recommend 
vitamin E 


the use of in cardiac disease. 


Certainly much more scientific work must 


e done in this field before suggestions are 
made that so appreciably alter our present 


+ 


rms of cardiac therapy. 


Conclusions. 1. Vitamin E in 300 to 


VITAMIN E IN 


HEART DISEASE AT 
400 mg. doses daily was used in the treat- 
ment of 11 patients with congestive heart 
failure, 5 patients with angina pectoris and 
6 patients with hypertension and/or arter- 
iosclerotic heart disease. 

2. In no case was there any demon- 
strable effect on the electrocardiogram, 
orthodiagram or blood pressure. 

3. None of the 22 patients was markedly 
or moderately improved. Six paticnts 
were questionably improved and the re- 


mainder became 


showed ho change or 
distinctly worse. 


4. Our 


enough to recommend the use of vitamin 


results were not encouraging 


E in the treatment of angina pectoris, 
congestive failure or hypertension 
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From the Mayo Foundation and the Mayo Cli 


\FTER the extensive use of potassium 
thiocyanate in the treatment of hyperten- 
sion, occasional instances of osteoporosis 
and arthralgia were noted at this clinic. 
this 
phenomenon could be found, a further 


Since no previous description of 
investigation was undertaken. 

The records of 5000 consecutive patients 
with hypertension who had been seen on 
two or more occasions at the Mayo Clinic 
in the period 1939 to 1944, inclusive, were 
reviewed. had 


been given to 360 patients of this group. 


Potassium thiocyanate 
Unexplained osteoporosis occurred in 7. 
Since 1944 there have been 
patients with this syndrome. 


+ additional 
No history 
of trauma or injury at onset could be 
elicited from these patients. One or more 
extremities, usually the lower, were in- 
volved. Patients with involvement of the 
spine or pelvis were not included, as senile 
osteoporosis could not be excluded. Sim- 
ilarly omitted were those who had a diag- 
nosis of chronic infectious arthritis, peri- 
arthritis, rheumatoid arthritis or fibrositis. 
Unexplained osteoporosis was not observed 
in the group of more than 5000 patients 
with hypertension who were not receiving 
potassium thiocyanate. 

Clinical Data. A summary of perti- 
nent clinical data is given in Table 1. 
The incidence of osteoporosis in the group 


* 


\bridgment of thesis submitted by Dr. Hinchey to the faculty of 


of patients who were receiving potassium 
thiocyanate therapy was approximatel) 
2%. There were 6 women and 5 men. Thi 
age ranged from 46 to 68 years (average 
of the drug varied 


56.5). The dosage 


considerably during the course of treat- 


ment, but was usually in the range of 
6 to 9 grains (0.4 to 0.6 gm.) daily. Onset 
of symptoms associated with the osteo- 
porosis generally occurred in 3 to 6 months 
after of the 
started. They consisted of (1 


administration drug was 
pain on us¢ 
of the extremity which began insidious! 
and gradually increased in severity, and 
(2) subsequent mild swelling of the joint 
with acute 


or joints involved, but no 


inflammatory reaction. The severe cast 


of 


osteoporosis. 


simulated those extensive posttrau- 


matic Roentgenograms 
which were limited to the involved regions 
revealed mild to marked diffuse osteo- 
porosis. 

Active therapeutic measures directed 
toward the osteoporosis were carried out 
in 7 cases while thiocyanate therapy was 
These 
physiotherapy, active and passive move- 
ment, 


being continued. consisted of 


shoe corrections, walking-casts 
elastic bandages, and preparations of cal- 
cium and phosphate for oral use. Symp- 
toms continued to progress despite these 


measures in 6 cases. Slight improvement 


the Graduate Hospital 0 


University of Minnesota in partial fulfillment of the requirements for the degree of Master of Sci 


in Ur thopedic Surgery. 
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Over a pe riod ot several months was noted 


in the 7th case under such measures, and 


the rate of improvement was accelerated 
when the drug was stopped. 


Cessation of potassium thiocyanate 


therapy was followed by relief in every 
one of the 11 cases whether or not specific 
measures of treatment were used. Im- 
provement was generally evident in 2 to 3 
months; recovery was complete in 5 to 7 
months. Administration of the drug was 


resumed in 4 instances. In 2 cases there 


was no recurrence of symptoms or of 


Symptoms recurred in the 


oporosis. 


other 2 


but were again relieved when 
thio yanate therapy was once more dis- 
continued. 


Laboratory Data. 


ings are listed in Table 2. 


The laboratory find- 
The blood thio- 
cyanate levels shown were those present 
at the time of admission with the osteo- 
porosis. The thiocyanate levels in gen- 
eral varied considerably in different pa- 
tients and in the same patient from time 
to time. 


I Ost! DURING 


DISEASI 


OPOROSIS UCCURRING 


Mg. per 100 ce 


( ina Urea 

l 47 34 

2 9.3 24 
3 3.8 22 
4 8 9 28 

3) 7.6 24 

6 11 9 28 
7 8.5 28 

bad 11 6 30 
8 30 

10 * 30 
11 4.47 38 


Drug had recently been discontinued: 
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serum calcium level, determined in 5 in 
stances, was within normal limits in 3 an 


slightly below normal in 2. 


In one « 
these, Case 9, a urinary Sulkowitch test 
gave a Grade 4 reaction (graded on thx 
basis of 1 to 4, in which | represents th: 
least, and 4 the greatest concentration of 
calcium). 

Report of Cases. The numbers of the 
following 3 cases, which are reported it 
detail, correspond to the case numbers ii 
Tables 1 and 2. 

Case 2. A white man, 46 years of age, 
registered at the clinic in January, 1939, 
for consultation regarding hypertension. His 
pressure 228 mm. of mercury 
systolic and 174 diastolic. Potassium thio- 
cyanate therapy was instituted; the dosage 
was 6 gr. (0.4 gm.) a day, 5 days a week. 

He returned July 18, 1939, complaining of 
localized pain in the right hip. Its onset in 
May had been quite sudden, and the pain 
had been continuous and progressive since 
then. Only the use of crutches had provided 
some relief. 

The patient appeared in moderate distress 
and walked with a noticeable limp. Atrophy 


blood was 


[THERAPY FOR HYPERTENSIVE 


Alkaline 


phosph atase, 


Serum Serum Uri Bodansky 
calcium phosphate acid units 
10.0 2.9 3.5 3.7 
98 44 
8.7 2.2 2.8 
8.7 3.1 
9.4 2.8 1.8 


no level ascertained. 


Level 2 weeks after drug had been discontinued. 


The value for blood urea was within 
normal limits in all cases. The blood uric 
acid level was normal in 4 The 
sedimentation rate was elevated in 2 of the 


cases. 


11 cases, but remained so after complete 


recovery in both. The serum phosphate 
level was determined in 4 patients and the 
blood alkaline phosphatase in 3. All were 


The 


within the usual range of normal. 


of the right buttock and quadriceps was 
noted. His blood pressure was 170 mm. of 
mercury, systolic, and 105, diastolic. Roent- 
genograms of the pelvis and right femur 
revealed marked osteoporosis of the right 
acetabulum and upper part of the femur 
The blood chemical findings are given 1 
Table 2. 

Potassium thiocyanate therapy was dis 
continued; treatment consisted of the ora 


con 
kne 
and 
simi 


mas 


( 
aal 


OSTEOPOROSIS OCCURRING DURING 
lministration of calcium and viosterol and 
the patient continued to use crutches. In 


October, 1939, he was much improved. A 


entgenogram at that time revealed some 
dual osteoporosis. 
Recovery was complete in May, 1940, and 
revealed 
Potassium thiocyanate therapy was resumed 
November, 1940, and continued until the 
tient died more than 5 years later. There 
is no return of symptoms. 
Case 3. A white man, 47 years of age, 
is admitted to the clinic in October, 1942, 
complaining of severe headaches. His blood 
essure was 219 mm. of mercury, systolic, 
and 130, diastolic. Nine grains (0.6 gm.) 
of potassium thiocyanate was pre- 
ribed, beginning October 20, 1942. 
In July, 1943, he was readmitted. His 
had improved. However, he 
complained of pain and swelling in the right 
knee which had begun early in 1943 (Fig. 1) 
d which had been followed in a month by 
similar symptoms in the right ankle. Heat, 
issage and sun-lamp therapy had failed to 


entgenograms no osteoporosis. 


a ily 


headaches 
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provide any relief. He had discontinued 
use of the thiocyanates in April and had had 
the ankle strapped in May; shortly there- 
after he noted improvement. He had then 
resumed thiocyanate therapy and his symp- 
toms returned. At that time the symptoms 
were located in the right knee and hip. 

General physical examination gave essen- 
tially negative results except for the hyper- 
tension and a limp favoring the right leg. 
His blood pressure was 210 mm. of mercury, 
systolic, and 130, diastolic. Roentgenograms 
of the right hip and knee revealed moderate 
diffuse osteoporosis (Fig. 2). The blood 
cyanate level was 3.8 mg. per 100 ec.; the 
blood urea was 22 mg. per 100 ee. 

Baking, massage and exercises for hip, 
knee and ankle were prescribed. The dosage 
of potassium thiocyanate was increased to 
12 to 15 gr. (0.78 to 1 gm.) daily. The 
patient wrote in September, 1943, that he 
was worse and that both ankles were now 
involved. Potassium thiocyanate therapy 
was once more discontinued. A letter from 
the patient in December, 1943, stated that he 


\ppearance of right knee on March 8, 1943, 5 months after potassium thiocyanate 


therapy had been started. 
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was much better and was steadily improving. 


Case 9. A white woman, 68 years old, 
was seen at the clinic in January, 1945, 
because of severe headaches. Her blood 


pressure was 190 mm. of mercury, systolic, 
and 100, diastolic. 
therapy was begun at that time. The dosage 
varied, but averaged 6 to 9 gr. daily. 


Potassium thiocyanate 


The roentgenograms revealed diffuse oste: 
porosis of both feet and ankles (Fig. 3a 
The blood chemical findings are given 
Table 2. The reaction to the urinary Su 
kowitch test on 
graded 4. 

The patient was instructed to discontin 


all therapy, including the use of thiocyanates 


Kia. 2 Case 3. 


Appearance of right knee July 26, 1943. Increased osteoporosis despite inten 


local therapy is apparent while the patient was still on potassium thiocyanate. 


The patient returned in October, 1945, 
stating that her headaches were relieved but 
that her feet and ankles were painful, 
swollen and stiff. Pain had begun in June, 
1945, followed shortly by the stiffness and 
swelling. Her symptoms had since become 
progressively worse despite physiotherapy 
and the use of contrast baths, shoe correc- 
tions and elastic bandages. 

General physical examination gave essen- 
tially negative results except as regards the 
hypertension and the condition in lower 
extremities. The blood pressure was 184 
mm. of mercury, systolic, and 100, diastolic. 
Slight diffuse swelling, stiffness and tender- 
ness of both feet and ankles were noted. 


as well as measures directed at the ost 
porosis. She stated, on her return in Aj 
1946, that her symptoms stea 
improved and that she was bothered « 
Disappearance of the ost 


occasionally. 
porosis was evident on roentgenologic ex 
ination (Fig. 36). 

Comment. 
other than thiocyanate therapy could b 


No cause for this syndrome 
found. Trauma at the onset was con- 
sistently denied. One patient sprained th 
involved ankle shortly after the initia 
appearance of symptoms and this sprail 
markedly aggravated her discomfort. 
other therapeutic procedure was instituted 


a 24 hour specimen was 
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any significant period of time during 
de elopment of the osteoporosis in any 
e. Concurrent, but probably unrelated, 
litions occurred in 2 patients. One 
isisted of a diarrhea beginning 2 months 
er the onset of symptoms. The other 

a burn of the thumb with secondary 


ection Sulfathiazole treatment was 


ministered to the latter patient in the 
terval just preceding the appearance of 


nptoms; however, the osteoporosis in 


case involved the ankles. No evidence 
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of renal insufficiency was noted in any of 
these patients. The possibility of a local 
vascular accident with overcompensating 
collateral circulation and hyperemia was 
suggested as a cause for the osteoporosis. 
The absence of this syndrome in more 
than 5000 consecutive patients with hyper- 
tension who did not receive potassium 
thiocyanate makes it extremely unlikely 
that a complication of the hypertensive 
disease was the underlying cause of the 


ostec yporosls. 


Case 9 a, Osteoporosis of right foot and ankle which occurred while the patient was 
g¢ potassium thiocyanate; the condition continued despite intensive local measures directed at 


porosl 


osteoporosis 


itself. b, Improvement after discontinuance of potassium thiocyanate therapy and of 
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The following evidence suggests that the 
osteoporosis was a result of thiocyanate 
therapy: (1) there was a sufficient time 
interval between institution of the drug 
and onset of symptoms; (2) improvement 
was noted in a reasonable period of time 
after discontinuance of the drug, whether 
or not therapy was directed at the osteo- 
porosis; (3) in 6 of the 7 cases the usual 
specific therapeutic measures failed to halt 
progression of the osteoporosis so long as 
potassium thiocyanate therapy was con- 
tinued; (4) increase in dosage of the drug 
in one instance resulted in an aggravation 
of symptoms within a few weeks; and (5) 
resumption of use of the drug after re- 
covery produced recurrence of symptoms 
in 2 of 4 cases, with relief after the drug 
Was again discontinued. 

A mode of action of the potassium 
thiocyanate must still be postulated. No 
marked lowering of blood pressure was 
noted consistently. The osteoporosis oc- 
curred far too infrequently to be the result 
of a direct action of the drug on bone 
itself. 

Potassium thiocyanate therapy has been 
used in more than 100 cases of severe 
migraine without the production of any 
syndrome such as that of osteoporosis. 
Evidence at hand at present seems to 
favor a slight but prolonged interference 
with calcium metabolism as the mechan- 
ism of the production of the osteoporosis. 
The actual dosage of the drug is small, 
although it is in excess of those of alum- 
inum and iron which have been recom- 
mended in different types of bone malacia. 
In the presence of adequate calcium intake 
and normal metabolism, such a slight in- 
terference with calcium metabolism would 
scarcely be sufficient to produce osteoporo- 
sis, and it has not occurred in the migrain- 
ous patients who represent a younger age 
group. However, should there be a ten- 
to a negative calcium balance, 
which is so often found in individuals of 
the age group with which this report deals, 
then any additional deficiency in calcium 
metabolism could produce such a picture. 
The finding of subnormal values for serum 
calcium in 2 cases and of a Grade 4 reac- 


dency 


tion to the Sulkowitch test in 1 case was 
further suggestive evidence of this rm 2chan- 
ism. Thus all known factors, including the 
time element both for production of and 
recovery from this syndrome, the infre- 
quency of occurrence of the syndrome, the 
dosage of the drug, and the group of indi 
viduals dealt with, were consistent with a 
minor additional interference with calcium 
metabolism. 
these lines is being carried out at present 


Further investigation along 


Regardless of the mechanism of produc- 
tion of osteoporosis, one should be cog 
nizant of the occasional occurrence of this 
condition and should insure adequate cal 
cium intake in individuals who are taking 
The use of this 
drug in the presence of a fracture may b« 
inadvisable, not as regards union of the 
fracture, which is a local affair, but because 
any interference with calcium metabolism 
in the presence of an increased calcium 
requirement might precipitate osteoporo- 
sis. Potassium thiocyanate therapy may) 
similarly be contraindicated in the pres- 
ence of bone malacia, such as senile osteo- 
porosis or osteitis deformans, as use of the 
drug could cause further increase of decal- 
cification and aggravation of symptoms. 

Summary and Conclusions. Osteoporo- 
sis with arthralgia was noted in 2% of 
patients receiving potassium thiocyanate 


potassium thiocyanate. 


therapy for hypertension. No similar syn- 
drome was found in more than 5000 con- 
secutive cases of hypertension in which this 
drug was not used. Evidence at hand 
seems to suggest slight and prolonged 
interference with calcium metabolism as a 
possible mechanism for production of tlie 
syndrome. It appears that adequate cual- 
cium intake should be assured for persons 
who are taking potassium thiocyanate. 
Use of this drug may be contraindicated in 
the presence of bone malacia, such as 
senile osteoporosis or osteitis deformans; 
likewise its use may be inadvisable in the 
presence of fracture, not as regards union 
of the fracture but because any interfer- 
ence with calcium metabolism in the pres- 
ence of increased calcium requirement 
might precipitate osteoporosis. 
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BLOOD VOLUME CHANGES AND AVAILABLE (THIOCYANATE) FLUID SPACE 
IN SOLDIERS WITH CHRONIC WOUND INFECTIONS AND ASSOCIATED 
NUTRITIONAL DEPLETION 


By S. M. Linc, M.D.* 


AND 


HELMUTH SPRINZ, M.D.+ 


from the Halloran General Hospital, A.U.S 


DyurinG World Wars I and II, studies 
correlating blood volume changes with the 
clinical signs of shock have been carried 
ut. Few data are available concerning the 
hanges in blood volume which occur in 
ndividuals with chronic wound infections 
ind extensive losses in body weight, con- 
litions often present weeks or months 
ifter severe trauma. Recent observations 
yy Lyons" have led him to conclude that 
uch patients show: (a) an increased inter- 
titial (thiocyanate) fluid volume as com- 
pared with standards for their weight 
fore injury, (b) a reduction of 1.5 to 
2 liters in blood volume, (c) a deficit in 
the total amount of circulating hemo- 
globin. Gregersen™ has observed similar 
ases in which the blood volume, evaluated 
n terms of normal body weight, was 
educed 30 to 40%. 

Our experience with traumatically in- 

ired soldiers who had chronic wound 
ifections and considerable weight loss has 
ndicated that such patients are particu- 
irly susceptible to shock after surgical 
rocedures. Although many of these indi- 

duals have weight losses ranging between 

5 and 30 kilos, their concentrations of 
lasma proteins and red cells differ very 

tle from those shown by normal man. 

is apparent that the latter values are 

‘t good indices of changes in the blood 

lume. In 1945 the present investigation 

is undertaken to measure the blood vol- 
1e and to determine the state of dehydra- 

m in battle casualties with chronic 


wound infections. It was hoped that such 
a study might result in a better guide 
for therapeutic management than that 
afforded by routine laboratory methods. 

Method and Procedure. A group of 27 
wounded male soldiers varying between 19 
and 40 (average 22.2) years of age was 
studied. All had undergone a period of 
strenuous military training and were re- 
garded as normal prior to injury. Several 
were paratroopers, the rest being infantry- 
men. The results obtained upon these 
patients are compared with those obtained 
from a group of 34 German prisoners of war 
whose ages ranged between 16 and 43 
(average 26.5) years of age. These volunteers 
who were selected at random had been fed 
adequate American rations for over a year 
and were engaged in manual labor. 

In all instances the determinations were 
made before breakfast with the subjects in a 
basal, post-absorptive state. Most of the 
patients were confined to their beds. In any 
event, the measurements were made under 
basal, post-absorptive conditions. None of 
the patients showed any evidence of cardiac 
failure or of peripheral vascular collapse. All 
were conscious, mentally coherent, and able 
to respond satisfactorily to questions. In the 
case of recent arrivals in the hospital, intra- 
venous therapeutic procedures were post- 
poned until some of our tests were completed. 
The entire group of normal subjects, and 15 
of the 27 patients (Cases Al to A15, Tables 
2 and 3) were accurately weighed on a cal- 
ibrated platform scale. The other 12 patients 
(Cases B16 to B27) were included although 
their clinical conditions or partial immobil- 
ization in fixed plaster casts prevented 
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accurate body weight determinations. In 
these the weight loss was estimated, and 
only those in which the loss was judged to 

15 kilos or more were studied. 

The plasma volume was measured with the 
blue dye, T-1824, using the simplified method 
described by Gregersen” in which the dye 
concentration is estimated with the Nicker- 
son Decade Photometer. In most of the 
patients, the arms and forearms were re- 
peatedly soaked with warm, wet towels, and 
both hands were immersed in warm water 
for 10 minutes prior to venipuncture. The 
skin at the site of venipuncture was first 
infiltrated with 1° novocaine containing 
no epinephrine. in individual instances in 
which both antecubital veins were not avail- 
able, one of the external jugular veins was 
used 

In patients in whom both plasma volume 
and available (thiocyanate) fluid volume 
determinations were made, the procedure 
was carried out as follows:" after anesthetiz- 
ing the skin, one antecubital vein was 
punctured with a 19-gauge needle and a 
dye-free blood sample was collected without 
stasis. Six ec. of blood were now collected 
in each of 2 tubes, one containing a small 
amount of mineral oil, the other coated with 
a thin film of dry heparin.* Through the 
same needle, 15 ec. of a 5% solution of 
sterile sodium thiocyanatet in an accurately 
calibrated syringe, were injected. The 
syringe was washed 3 times by drawing and 
reinjecting blood. Through the same needle 
5 ec. of T-1824 from ampoulest containing a 
known amount of dye solution of known 
concentration were injected, the syringe 
rinsed as described above, the time recorded, 
and the needle withdrawn. Exactly 10 
minutes later a sample (6 cc.) of blood was 
withdrawn without stasis from the opposite 
antecubital vein and transferred to a 10-cc. 
tube containing heparin for determination of 
the plasma concentration of the dye. In 5 
patients 6 ce. of blood were withdrawn 
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without stasis at the end of 1, 2, and 3 hours 
and transferred to test tubes containing a 
small amount of mineral oil for the estima- 
tion of the serum concentration of sodium 
thiocyanate. Since the 2 and 3 hour samples 
did not differ from the 1 hour sample, the 
practice of drawing blood at the end of 
2 and 3 hours was discontinued in the sub- 
sequent measurements. The heparinized 


‘blood (dye-free and 10 minute dye-tinged 


samples were transferred to separate 4-cc 
hematocrit tubes (10 mm. x 8 mm.)\ and 
centrifuged for 30 minutes at 3000 r.p.m 
The hematocrit values obtained in the dye- 
free and dvye-tinged samples agreed to within 
2%, affording confirmatory evidence of the 
absence of hemostasis in the collection of the 
blood. Hemolyzed samples were discarded, 
the plasma volume determination being re- 
peated. After centrifugation the plasma of 
the 10 minute dye-tinged sample was read 
at 624 my. in 10 mm. cells against a dye-free 
blank with the Nickerson Decade Photom- 
eter. The optical density was noted, and 
the plasma volume read from the appropriate 
table."2. The total blood volume was caleu 
lated from the equation: 


Plasma volume (c« 
Total blood volume 
1-hematocrit 


The plasma volume determined from a 
single 10 minute point is, on the average 
3.2% greater than that measured from time 
concentration curves. For our purposes 
the method is adequate because the error 1 
slight compared with the changes in plasm: 
volume measured on our patients. Moreover 
we have compared our results on injure 
soldiers with values obtained by the sam 
method on the control group 

The available (thiocyanate) fluid volum: 
was measured as follows: To 2 cc. of serur 
from the 1 hour blood sample, 2 ec. of 2 
trichloracetic acid were added. The resultant 
mixture was centrifuged at 3000 r.p.m. f 
10 minutes, and to 2 ec. of the supernatal 


* Five mgs. of pure heparin were dissolved in a small amount of distilled water in 10 cc. test tube 
which were placed in a tilted position in a dessicator and periodically rotated until dry, so that a tl 
film of heparin was left coated upon the inner surface of each tube. 


t The ampoules of 5% sterile sodium thiocyanate were supplied by the Warner Institute of Ther 


peutic Research, N. Y. C. 


+ 


~ The ampoules containing exactly 5 cc. of a carefully standardized solution of T-1824 were suppli 


by the Warner Institute of Therapeutic Research, N. Y. C. This was rechecked for accuracy of standar 
ization according to procedure outlined by Gregersen 


MacAlaster Bicknell Co., Cambridge, Mass. 


BLOOD VOLUME CHANGES AND AVAILABLE (THIOCYANATE) FLUID SPACE 557 


fluid were added 2 cc. of ferrie nitrate solu- 
tion. The red color thus developed was read 


mmediately in a Coleman Junior Spectro- 
hotometer set at 460 my. against the sim- 
arly treated control sample. The available 
thiocyanate) fluid volume was calculated 
om the formula given below.t 

The plasma protein concentrations were 
letermined by the falling drop method of 
Barbour and Hamilton,! using the formula 
f Weech et a The hemoglobin determina- 
ons were made with the Fisher electro- 


[he total blood volume ecaleulated from 
he plasma volume (dye method) and the 
enous hematocrit has been regarded as 
roneous by some investigators,’:>5 owing 
differences between the values for the 
matocrit reading and that found 
r the total body hematocrit. This differ- 
ce is said to result from the unequal dis- 


enous he 


bution of red cells in the various vessels 
f the vascular system. However, the report 
Hopper, Tabor, and Winkler™ shows that 


he average blood volumes measured simul- 
taneously by dye and carbon monoxide 
ethocds an and dog are almost identical. 
further evidence that the central hematocrit 
ing does not differ markedly from the 

tal body hematocrit has been obtained 
ecently by Root, Roughton, and Gregersen”* 
ho also obtan ed close arreement between 

e blood volumes obtained by the simul- 


rement with dye and carbon 
onoxide. On the basis of this evidence, we 

that the total blood volume can be 
ilculated from the plasma volume and the 
nous hematocrit reading. 

Che availal le thioevanate) fluid volumes 
ere calculated from the uncorrected formula 
Although this ignores the fact 
it thiocyanate diffuses into the erythro- 
tes and that it is present in serum partly 


wn above 


hound form,” we feel that useful results 
n be obtaired with this method. 
Results. NormatGrovup. The results 


‘tained on 34 normal individuals are 
own in Table 1. These include determi- 
itions of plasma volume, available thio- 
anate fluid volume, venous hematocrit 
iding, hemoglobin value, plasma protein 
neentration, and calculations of total 
0d volume, red cell volume, total circu- 
ting hemoglobin, and total circulating 


_ Total amount 
4\:ilable fluid in liters = 


mg. NaCNS/100 ce. 


plasma proteins. Distribution curves 
based on the individual values for the 
plasma volume and blood volume ex- 
pressed as cc. per cm. height, ce. per kg. 
body weight, an’ as liters per sq. m. body 
surface indicate, in agreement with the 
results of Rowntree and Brown,” that 
although the plasma and blood volume 
correlate well with height and weight, the 
correlation with body surface is better. 
The mean values for the various measure- 
ments, with their respective standards of 
deviation and coefficients of variation are 
given at the bottom of Table 1. Distribu- 
tion curves of the various measurements 
are shown in Figure 1. 

The plasma volume of the 34 normal 

males ranged from 1.31 to 2.20 liters per 
sq. m., the mean being 1.76 liters per 
sq. m. (S.D. + 0.20). In terms of ce. per 
kg. body weight, the values are 32.4 to 
56.9, mean 45.3 (S.D. = 5.5). The total 
blood volume showed a greater range, 
varying from 2.14 to 4.10 liters per sq. m. 
of body surface, The mean value for the 
entire group was 3.12 liters per sq. m. 
(S. D. = 0.36). Expressed in terms of 
ce. per Kg. of body weight, these values 
become 57.5 to 106.0, mean 80.1 (S. D. = 
16.5). 
The blood volume and other measurements 
shown in Table | agree well with similar 
determinations reported by other inves- 
tigators.*?° *9 

In agreement with the report by Cran- 
dall and Anderson,’ our results indicate 
that the available (thiocyanate) fluid vol- 
ume correlates better with surface area 
than with body weight. The volumes for 
the 34 normal subjects (Fig. 1, G) ranged 
from 8.1 to 11 liters with a mean value of 
9.8 liters per sq. m. (S.D. += 0.61). 

WounpDED The revised diag- 
noses of the 27 patients studied are shown 
in Table 2. This table also includes a 
statement of the nature of the wound 
sustained. The individual patients have 
been assigned the same symbol in Table 2 
as in Table 3. Since from 7 to 24 weeks 
had elapsed between the time of injury 


of NaCNS injected in gm. X 100 
serum after equilibrium is established. 
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itrol group 


which our observations 
Table 2), 
its had recovered from the effects of 
of t Others had 
various complications, some of 


ne time at 


made many of our 


he initial wounds. 
ped 
were remotely associated with and 
er import than the initial injury. 
the original diagnoses listed in such 
panying tags, records, and charts as 
ailable to us have been revised to 
m with the clinical status of each pa- 
t the time he was studied (Table 3). 


fluid data obtained from the 
ym 34 normal male controls. The closed circles represent individual 
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wounded soldiers studied 


The crosses represent individual values in the patient group. 


Practically all of the wounds were of 
the complex polymicrobial type similar to 
those described by Lyons'® and Pulaski 
and Sprinz.”2 The extent and character of 
the 
extremely varied (see Table 2). 


were also 
All of our 
patients had had surgical attention, had 


anatomical involvement 


received either sulfonamides, or penicillin, 
or both, as well as variable amounts of 
plasma or whole blood at different medical 
installations. Accurate data concerning 
previous transfusions or other parenteral 
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H W NDI SOLDIERS REPORT! N Tuis Stupy (Eacn Syms 
AI Ss AN REFERS TO THE SAME PATIENT 
, } nat of al 
I struct y mas ship at I yt mpie compres 
I ertebra; no cord injury: traum cauda eq 
¢ irg bitus uleers icute hilate mie ey 
tomy 
a | I previously with resulting compre n of the 1da equin 
lar t icture and ‘Ompression of Ist lumbar ertel! 1; compou 1 | 
mtal bone, healed; simple fracture Ba t ribs. healed ontusion 
isIS with acute pvelonephr tera vstitis 
m e decubitus ulcers 
ime s 20 weeks previously: fracture mpound mn ed of 2, 3 
( idence of callus formation after 4 months e, simple, 1 
I paraplegia secondary to comm ted fracture eale tth lun 
prapubic cystotomy) ; multiple inul lecubit 
7 W nre isly; penetrating bu 1 right est: fracture 
t uC ertebra evere partial traum elitis ar I iplegi 
rf) ic empyema (treated by open d i ind bronchopleural f 
iprapubic cys ym) mu e decubi el 
hrapnel: pe severe entering left flan] 
‘ tant lacerat f ce m m 1 appendectomy 
\ ymplete compound commi é ire le im Wi hr 
il f eft flank 
1 by shray vound, suppura issue t glute eg 
supy r wr ght deltoid re 
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puruler ge I I lous tra right rare 
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el S weel prey chror deey ly r abscess left thigh exter 
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pa SIs le mora nerve Simple mpiete Ire neckK 
tures 8. 9 right ril wou ight flank (5 
U5 W previously, perforating wound men with lacerations of c¢ 
‘ I ostomy present, intestinal ions healed commit 
imt ertebra; traumatic mvelitis, wit gia; chror retroperite 
j in left T pyelonephritis ronic ystitis (supray 
lS weeks previ rforating wou t perforatic 
pI iting wour ank, left leg: dr ibscess, left 
91 el previously; pene iting wou lank W shell fragn 
ebra; fecal fistula right flank endl ining 
¢ rioht weration nerve roots tand 5 
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THE 27 


2 LJTAGNOSES OF 


AVAILABLE 


WoUNDED So.piers REPORTED IN THIS STupDY 
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EACH SYMBOL IN 


[aBLES 2 AND 3 REFERS TO THE SAME PATIENT CONTINUED 
Wounded by mine fragments 19 weeks previously; chronic osteomyelitis, ischii, pubes, sacrum 
x, and necks of both femurs, secondary to compound comminuted fractures; chronic 
suprapubic cystotomy); suppurating wounds, right thigh; multiple decubitus ulcers. 
Wounded by bullet 24 weeks previously; penetrating gunshot wound resulting in fracture, 7th 


vertebra, with traumatic myelitis and complete paralysis below C7; clean granulating 
tump left leg after amputation below knee 1 month previously for gangrene; multiple large 


tus ulcers; chronic cystitis (suprapubic cystotomy) tests done 4 days before death 
led by unexplained convulsions). 
21 W led 15 weeks previously by bullet; penetrating wounds, buttocks and rectum; colostomy 
wounds granulating slowly. 
\ lentally injured in jeep 7 weeks ago; compound septic necrosis left knee joint and simple 
ire rim of left acetabulum. 
Wounded by shell fragment; wounds soft tissues right leg (granulating slowly); no fracture. 
i W 1 by shell fragment 16 weeks previously with infected wound soft tissues left leg; ampu- 


stump right leg (healed). 


by shell fragments 7 weeks previously with granulating wounds right ankle, elbow 


ilder; fracture, right ankle (uniting). 


6 Wounded 12 


weeks prev iously by shell fragment; chronic osteomyelitis 


right femur, tibia, fibula 


eiform bone and lst metacarpal secondary to multiple compound comminuted frac- 


Wounded by shell fragment 


novitis, both knee joints. 


erapy were generally incomplete. Eight 


f our patients had paraplegia. Measure- 


ents of the height and weight before in- 


y were available for all the patients, 
m which the normal surface area could 
determined in the usual way.* The body 
| measurements have been computed 
terms of liters per sq. m. of normal body 
face. The results of the measurements 
plasma, total blood, red cell, and avail- 
e fluid 


matocrit readings, and hemoglobin and 


volumes are shown in Table 3. 


ma concentration also appear in this 
le. For comparison with the results 
the the fre- 
ney distribution curves of the body 


in normal group, 
| measurements of the patient group 

presented in Figure 1. 

Ve have compared the mean total vol- 
measurements of plasma, total blood, 
cells, and available thiocyanate fluid 
e patient group with estimated normal 
ies obtained by multiplying the mean 
nal surface area of the patients by the 
n volume per sq. m. of body surface 
ured in the normal group. The mean 
itocrit readings, and hemoglobin and 


na protein concentrations of the 27 


19 weeks ago; 
eft tibia, secondary to multiple compound comminuted fractures; 


chronic osteomyelitis right femur, 


tibia and fibula 
suppurative arthritis 


the 
responding mean value of the 34 normal 


patients are compared with cor- 


males. Their values are given in Table 4. 
In column 5 of this table, the mean changes 
from the estimated normal appear, and in 
column 6 is given the percentage increase 
The statis- 
tical significance of the change (column 7) 


or decrease from the normal. 


dividing the values of 
column 5 by the standard error. 
Blood 


volume of the 27 


is expressed by 
Volume. The average plasma 
patients was 2760 cc. 
17.3% 


mean estimated normal value. 


less than the 
Similarly 
based comparisons for the total blood and 


which is 580 ec. or 


red cell volumes of these patients showed 
an even greater decrease for the mean 
total blood volume amounting to 1430 ce. 
(24.2%), and a reduction in the mean red 
cell volume equal to 815 ec. (31.6%). The 
reduction in total blood volume is the 
result of decreases in both plasma volume 
and red cell volume, but the decrease in 
the latter is 1.8 times that shown by the 
former. 
patients was 38.4%, which is 11.7% less 
than the mean hematocrit for the control 
group. The reduction in the mean red cell 


The average hematocrit of our 
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BLE 4.— Mean Bopy FLuIp MEASUREMENTS FOR THE WOUNDED GROUP REPORTED AND THE RESPEC 
riVE CHANGES FROM THE ESTIMATED MEAN NorMAL Bopy FLUID VALUES FoR THIS GROUP 
Mean Mear Meat Change Difference 
Nx measurement estimated hange 1 wounded divided by 
of in wounded normal wounded grou} standard 
le cases group studied values* grou} error 
P] 0 27 2760 ex 3340 cx 580 ce 17.3 6.3 
I 27 4490 5920 ex 1430 ce 24.2 5.6 
6 27 1750 ex 2565 cc.* 815 ce 31.6 10.0 
Ay 1 V ne 19 19,400 ex 18,500 ec.* 900 ex +4.9 0.72 
Cir il 27 585 gm. SYO gm.* 305 gm 34.2 14.0 
Cire isn | 27 205 gm 235 gm 30 gm 12.8 1.8 
Het 27 38.4% 43.5% 5.19 11.7 6.0 
Her 27 13.0 gm.&% 15.0 gm. &% 2.0 13.3 6.9 
Plast 27 7.4 gm.% 6.9 gm.% 0 +5.0 3.3 
ited val tained by multiplying the me n ea of the case tudied by the 
es me normal measurement per sq. m, body surfa t ata on th { normal males 
I 
ilues observed in the 34 normal males 


lume is therefore 2.7 times the decrease 
hown by the mean hematocrit. The mean 
emoglobin concentration of the patient 
group was 13 gm. per 100 cc., or 13.5% 
ess than the value for the control group. 
(he mean circulating hemoglobin in our 
patients was 585 gm. This value is 305 gm. 

34.2 


ormal value. 


less than the mean estimated 
The reduction in the mean 
rculating hemoglobin is therefore 2.6 
mes that shown by the reduction in the 
The 


ilues in Table 3 (column 7) indicate that 


ean hemoglobin concentration. 
he above observations are statistically 
rmificant 

Fluid 
fluid 
in 
e 27 patients studied (Table 3). 


{varclabli T hiocyanate Volume. 
volume 


19 


\vailable (thiocyanate 


ot 
The 
the 
these patients 
In 
cases, the volumes observed were more 


easurements were made 


when based 
of 


nged from 7 to 17 liters per sq. m. 


lumes obtained on 


rmal surface area 


an 2 standard deviations below the mean 


rmal value. The lowest value was 
served in Case AS whose available 
iocyanate) fluid volume was 7 liters 
sq. m. In 6 cases, the available 


iocyanate) fluid volume per sq. m. was 
re than 2 standard deviations above 
mean value for our normal group. Of 
se 6 cases, 5 showed volumes ranging 
m 11 to 13 liters per sq. m., while 1 
e (B20) had 17 liters of available fluid 
m. The average total available 
fluid volume of the 19 pa- 
its measured was 19.4 liters which is 0.9 


sq. 


ocyanate 


liters or 4.9% above the mean estimated 


Table 3). 


however, not statistically significant. 


normal value This increase is 

Analysis of the individual total available 
thiocyanate) fluid volumes in terms of the 
body weight of each patient at the time 
this study was made show that 8 of the 
19 


which were in excess of 40% 


cases measured presented volumes 
of their body 
weight, while 4 of the 8 cases (Al, A4, 
B17, B20) had volumes equivalent to more 
than 50% of their body weight. The latter 
were extremely ill, febrile, and cachetic, 
and the total available (thiocyanate) fluid 
volumes observed in them were markedly 
elevated in comparison with the mean 
available (thiocyanate) fluid volume found 
in our normal controls which was equiva- 
lent The 
measurements in Cases Al, B17 and B20 


li, 22 


death respectively. Two months after the 


to 25% of the body weight. 


were made and 3 days prior to 


first available fluid determination, a second 


one was made on Case A4 following 
marked improvement and the establish- 
ment of a _ positive nitrogen balance. 


Although this patient had gained onl) 
3.5 kg., his total available (thiocyanate) 
fluid volume had decreased from 23 liters 
which was equal to 51.7% of his body 
weight, to 16.4 liters, a value equal to 
34% of his body weight. 

Circulating Plasma Proteins. Although 
of 14.5 to 32 kg. 
observed in the patients studied, the 
average plasma protein concentration for 
the entire group was 7.4 gm. per 100 cc. 


weight losses were 
27 


564 LING, 
S.D. + 0.7) (Table 3) which is 5% more 
than the mean plasma protein concentra- 
tion for the control group. Plasma protein 
values below 6.5 gm. per 100 cc. were 
observed in 2 eases, while values above 
S gm. per 100 cc. or more were present in 
6 cases. The average total circulating 
plasma protein in the 27 


205 gm S.D. += 31.4 


or 12.8% less than the mean estimated 


patients was 
which is 30 gm., 
normal value. The linear correlation of 
the plasma volume to total circulating 
plasma protein in our normal controls is 
shown in Figure 2. From the same figure, 
it is apparent that values for the plasma 
volume in our 27 patients are generally 
below normal, although they tend to be 
disposed along the same axis of drift dis- 
played by the plotted values for the normal 
control group. 

Discussion. chronic 
wound infections, nutritional depletion, 
and anemia show a 24.2% reduction in 


Patients with 


blood volume as compared with the esti- 
This is the 


decrease in plasma 


mated mean normal value. 


result of a 17.3% 


ax x 


SPRINZ: 


volume and a 31.6% reduction in red 
cell volume. 
scribed as an oligocythemic hypovole- 
mia. According to Stead and Ebert?’ the 
blood volume of normal subjects with a 
relatively constant arterial pressure is 
related to the amount of circulating plasma 
proteins. Our observations show a linear 
correlation between the plasma volume 
and the circulating plasma protein im the 
normal and patient groups (Fig. 2 
Madden and Whipple!’ report that the 
plasma proteins are in dynamic equilib- 
rium with the tissue proteins. This seems 
likely in our patient group, for the reduc- 
tion in weight must have occurred at the 
expense of fat and protein. Negative 
nitrogen balances were observed in several 
cases on whom such studies were done 
The metabolic status of these individuals 
is that of semi-starvation. It is of primary 
importance that proper attention be given 
to insure an adequate protein intake in 
these patients so that positive nitrogen 
equilibrium may be restored. 

Although the 


patients with chroni 
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surface in the 27 wounded soldiers studied and in 34 normal male controls 


individual values in the normal control group 
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Plasma volume plotted against circulating plasma proteins per square meter normal bod 
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vound infections and pronounced weight 


ss studied by us showed a slightly ele- 


ated mean plasma protein concentration, 


their mean total circulating plasma pro- 
tein was actually 12.8% less than the esti- 


jated mean normal value. Sole reliance 
n plasma protein levels as indices of the 


lasma volume, circulating plasma _pro- 


teins, and nutritional status of such pa- 


ents may therefore be quite misleading. 
‘wo of our patients had plasma protein 


ies below 6.5 gm. per 100 ce., and 6 pa- 


tients had levels of 8 gm. or more. Evidence 


dehydration in the latter was absent. 
\vailable (thiocyanate) fluid volumes 
easured in 3 of these patients were 
rmal. While data on the plasma protein 


fractions in our patients are incomplete, 
+} 


he elevated plasma protein values ob- 
erved are, in all likelihood, the result of 
in elevated globulin fraction and con- 
omitantly lowered albumin fraction as 
as been noted in chronic suppurative 
nfections.? 4 It is highly probable that 
ie reduction in plasma volume is largely 


the result of a lowered osmotic efficiency 


if the plasma secondary to a reduction in 
irculating plasma albumin. 
The changes in the hematocrit in our 
patients failed to indicate reliably the 
tent of change in the circulating red cell 
lume, for the average reduction in the 
itter was 2.7 times that shown by the 
rmer. Our observations are in agreement 
th those of Hopper et al.'* that the dye 
ethod indicates changes in the plasma 
lume more readily than changes in the 
rum protein concentration or hematocrit. 
Similarly, changes in the hemoglobin 
neentration were poor indices of the 
gree of oligochromemia in our patients, 
the mean reduction in their circulating 
moglobin was 2.6 times the average 
rease in the hemoglobin concentration. 
e anemias in our cases of chronic wound 
ection were refractory to liver extract 
| iron therapy. This has been attrib- 
d to a disturbance in the intermediary 
tabolism of iron with a secondary failure 
form heme.’ Our experience indicates 


that until the associated infections are 
cured, the only effective treatment forthe 
anemias observed in these patients is trans- 
fusions of whole blood in adequate quanti- 
ties repeated as frequently as necessary. 
Many of our patients would not have sur- 
vived were it not for repeated transfusions 
given while measures to control these in- 
fections were being instituted. 

Unlike healthy individuals, patients 
with chronic wound infections, nutritional 
depletion, and a lowered blood volume 
cannot withstand relatively minor blood 
losses without being predisposed to shock, 
peripheral vascular collapse, and anoxic 
complications. These events have been 
observed in such patients following surg- 
ical procedures. This is not surprising in 
view of the lowered blood volume, red cell 
volume, and circulating hemoglobin ob- 
served in them, and the fact that the blood 
loss in ordinary surgical operations may 
be We concur with Lyons'® 
that the maintenance of an adequate blood 
volume is of utmost importance in the 
prevention of shock and its complications 
in these patients. The results of this study 
emphasize the necessity for whole blood 
transfusions in adequate quantities in the 
preoperative and postoperative manage- 
ment of such cases. Our experience is in 
agreement with that of Coller et al.,° and 
Stewart and Rourke*®* that the quantity 
of blood loss is not reflected by changes 
in the hematocrit, hemoglobin, and plasma 
proteins prior to and immediately after an 
operation. Reliance on these determina- 
tions may lull the surgeon with a false 
sense of security when indeed shock may 
subsequently intervene. It is clear that in 
these patients the indication is adequate 
replacement with whole blood, for the 
administration of plasma neglects the 
desired augmentation of the circulating 
hemoglobin and serves to prolong and 
aggravate the existing anemia. 

Of the 19 patients whose available 
(thiocyanate) volumes were measured, 8 
(Cases Al, A3, A4, A5, Al2, B17, B19, 


B20) (Table 3) showed volumes in excess 


LING, 


ot 40% ot the body weight noted at the 


time this study was made. The increased 


olume observed in these cases are 
eX] lained partly by the pronounced cel- 
lular wastage, fat loss, tissue destruction, 
toxemia, and the replacement by 


fluid Al, A4, B17 


the available fluid volumes were 


ana 
titial In Cases 


and B20 


intel 


re spectively equivalent to 
weight. 
} 


rarge 


and 66.5% of the observed body 
These 


iIncTreaseé 


ngures denote excet dingly 


which cannot be « xplained solely 


on the basis of increases in extracellular 
wate! In Case B20. the value approxi- 
mate that a) total body water. By tissue 


anal) sis methods, Overman” has estab- 
lished that under certain conditions which 
are not entirely understood, thiocyanate 
ion appears to enter the tissue cells as a 
result of generalized permeability altera- 
tions. This offers a likely explanation for 
the excessive increases in available (thio- 
eyanate) fluid volume observed in Cases 
\1, A4, B17 and B20, all of whom were 
extremely ill, febrile, cachetic, and suffered 
with severe chronic wound infections. Of 


the latter, only Case A4 survived. Excess 


fluid in the tissues 
B17 

thiocvanate 


Case A4 


measurement ane 


serous cavities and 


were absent at autopsy in Cases Al, 
an | B20 


{] 


\ second a\ ailable 


uid determination in made 2 


mont! atter the first | 
rOuoWINg n arke d impro' ement and a vain 
in We ght of 3.0 kg... 


showed that the 


anate) fluid volume hac 


i lable thio \ 

decre ed from a value equal to 51.79 ot 
the body weight to a value which was 
o4 of the body weight. We associate 
t] change with the recovery phase of 


ssue permeability alterations occurring in 

patie nt It is our expe rience that in 
such patients a markedly elevated avail- 
able (thio Vanate fluid volume approach- 
ing the value for total body water is asso- 
ciated wit! a grave prognosis. 

Body fluid data on 34 
adults 


with chronic wound infections, extensive 


Summary. 1. 


normal young and 27 patients 


weight loss, and anemia are reported. 


SPRINZ: 


2. The patients studied show an average 
reduction in blood 1430 ec 
24.2%). This is the result of decreases 
in plasma and red cell 
decrease in the latter being 1.8 times that 


voume of 
volumes, the 


shown by the former. Maintenance of an 
adequate blood volume to prevent shock 
and its complications is of utmost im- 
portance in these cases. For this purpose 
whole blood in adequate quantities, given 
repeatedly if necessary, is indicated pre- 
operatively and postoperatively. 

3. The mean reduction in the red cell 


volume and circulating hemoglobin ob 
served in our patients was approximatel) 
2.5 times that shown by the respective 
hematocrit and 


Blood volume 


mean changes in the 
hemoglobin concentration. 
determinations offer a practical and more 
reliable guide in therapy. 

1. The available (thiocyanate) fluid vol 
10% of body 
weight in 8 of 19 patients measured, and 
equal to more than 50% of the body 
The values in the latter 


are attributed to the entrance of thiocyan- 


umes were in excess of 


weight in 4 cases. 


ate ion into the cells as a result of general- 


ized permeability alterations following 
prolonged nutritional depletion, pyrexia, 
severe chronic polymicrobial infections 
and toxemia. In 1 case the available 
thiocyanate) fluid volume approached the 
generally accepted value for total body 
water. 

5. Close correlation between the reduces 
plasma volumes and circulating plasma 
proteins were observed in our patients 
In general, the plasma protein concentra 
tions failed to reflect the degree of change 
in the total circulating plasma protein an 
in fact, fail te 
indicate the direction of change in thes« 


plasma volume and may, 


cases. \s an index of the nutritiona 
status, the plasma protein concentratior 
Re-establish 


ment of positive nitrogen equilibrium b; 


may be quite misleading. 


an adequate protein intake is indicated i1 
all these patients. 

6. The clinical implications of these find 
ings are discussed. 


| 
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ROENTGENOLOGIC EVIDENCE OF BILIARY REGURGITATION: ROENTGENO- 
LOGIC CONTRIBUTIONS TO THE DIAGNOSIS OF HYPOPARATHYROIDISM, 
APPENDICITIS; MESENTERIC THROMBOSIS 


By HARRY M. WEBER, M.D 


ROCHESTER 


l. Roentgenographic Demonstrations 
of the So-Called Regurgitation Phe- 
nomenon in Jaundice. In a series of 
460 cholangiographic examinations in 
which diodrast (3,5-diiodo-4-pyridone- 
N-acetic acid diethanolamine) was 
used, Rigler and Mixer!® observed 8 
patients whose renal pelves were clear- 
ly outlined by the cholangiographic 
medium on roentgenograms made at 
intervals of from 5 to 30 minutes after 
the drug was injected into the common 
bile duct. Cholecystectomy had been 
performed on all of the patients and a 
drainage tube had been inserted into 
the biliary ducts. In all instances there 
was a partial or complete obstruction 
of the common bile duct at its ampul- 
lary extremity by a biliary calculus. In 
several of the cases in which more than 
one cholangiographic examination was 
performed, the renal pelves were filled 
with the contrast medium at one exam- 
ination but not at another, although 
the biliary ducts were well distended 
at the time of each cholangiographic 
observation. This apparent inconsisten- 
cy is believed to be due to a failure 
to exert sufficient pressure during in- 
jection to cause regurgitation from the 
biliary radicles into the blood stream. 

In the opinion of Rigler and Mixer 
the phenomenon of regurgitation oc- 
curs more frequently than their par- 
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ticular series of instances indicates. The 
renal areas are often obscured on 
roentgenograms by gaseous and other 
intestinal residues, particularly thos« 
that are opaque to roentgen rays, and 
small concentrations of opaque liquids 
in the renal pelvis are easily ove 
looked. They pointed out that optimal 
conditions must prevail if the phenome 
non is to be observed. 

Three possible explanations were of- 
fered for this rapid entry of the cho 
langiographic medium into the blood 
stream and its excretion by the kidney 
in a concentration sufficiently high to 
make the renal pelvis visible on roent 
genograms. Absorption from the intes 
tine was not regarded as a plausibl 
explanation because obstruction at the 
lower end of the common bile duct was 
demonstrated in all cases, and in no 
instance was an appreciable amount 
of the medium observed in the intes 
tine. Direct absorption of the medium 
through the mucous membrane of th: 
biliary ducts was thought to be im 
probable for several reasons. In th 
first place, evidence that the medium 
had entered the blood stream at all was 
elicited in but a small percentage o! 
the cases in which a well-distend« 
biliary duct system was demonstrat 
by cholangiography. If the mucosa of 


the biliary ducts were capable of ab- 


r) 
4] 
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bing significant amounts of the me- 
lium then every cholangiogram reveal- 
ig a well-distended set of biliary ducts 
hould also reveal the medium in the 
renal pelvis. In the second place, the 
medium was observed to enter the 
kidneys very rapidly, in one case as 
early as 5 minutes after it was injected. 
lhe experimental work of Shafiroff and 
Bierman’! was cited in support of the 
proposition that absorption of the me- 
lium by the mucous membrane of the 
biliary ducts takes place slowly, if at 
ll. They ligated the cystic duct of 
its and carefully preserved the blood 
essels and lymphatics of the gallblad- 
der. They then injected various radio- 
paque substances into the lumen of the 
gallbladder. Crystalloid substances such 
is sodium iodide and most of the or- 
fanic compounds of iodine commonly 
used in excretory urography, of which 
diodrast is an example, were absorbed 
from the lumen of the gallbladder only 
ifter 6 hours, and they appeared in 
the kidneys hours later. Rigler and 
Mixer pointed out that this represents 
bsorption by the mucous membrane of 
the gallbladder and they thought it 
sonable to assume that absorption 
by the mucous membrane of the biliary 
icts would be even more markedly 
layed. For these reasons they held 
it, at best, an insignificant amount of 
e cholangiographic medium was ab- 
bed by the mucous membrane of the 
iary ducts, and they concluded that 
the mode of entry of the medium into 
blood stream in quantities sufficient 
be roentgenographically demonstra- 
in the kidneys was directly into the 
yatic sinusoids and veins and thence 
» the blood stream. Apparently the 
ssure under which the cholangio- 
iphic medium was injected in the 
cases in which this regurgitation oc- 
curred was too great for the walls of 
the biliary canaliculi to tolerate. The 
speed with which the medium gained 
ess to the kidneys and the amount 


of medium demonstrated there indicate 
that rupture of the canaliculi must 
have occurred. In his discussion, Rigler 
mentioned that the more familiar phe- 
nomenon of pyelovenous backflow ob- 
served not infrequently in retrograde 
pyelography is an analogous situation. 

In addition to providing another and 
a very graphic link of evidence for the 
existence of a relatively easy retrograde 
communication betwen the _ biliary 
ducts and the blood stream, especially 
under conditions of elevated intraduct- 
al pressure, this observation of Rigler 
and Mixer offers a new and very plau- 
sible explanation for some of the unfa- 
vorable reactions which occasionally are 
associated with choiangiography. Aller- 
gic types of reactions like those observ- 
ed sometimes, and still too frequently, 
when the organic compounds of iodine 
prepared especially for use in excretory 
urography are administered by the in- 
travenous route, are observed rarely, 
if at all, after cholangiography. Rigler 
encountered none over a period of 6 
years in which he used diodrast for 
this purpose, and he said that he was 
aware of no report of such a reaction 
in the literature. Rigler and Mixer said 
that mild or even severe febrile reac- 
tions were not uncommon after cho- 
langiography in their experience. They 
intimated that a mild or transient bac- 
teremia might be responsible for those 
reactions. Such reactions occur only in 
cases of infection of the biliary tract. 
They reasoned that if the cholangio- 
graphic medium can be regurgitated 
into the blood stream it is also possible 
to force the bacteria present in the 
biliary ducts into the blood stream. 
Experimental work on animals, unpub- 
lished as yet, which was done in their 
laboratory, supports this contention. 
They discredited the idea that simple 
distention of the biliary radicles might 
be a cause of these febrile reactions. 
In none of the cases in which they 
demonstrated regurgitation of the cho- 


ti 
t 
I 
Il 
l 
1 
té 
a 


0) PROGRESS OF M 
langiographic medium into the blood 
stream was there evidence of infection 
of the biliary tract. 

these cases was there evidence even of 
mild 


and in none of 


unfavorable reaction. In all of 
them however, the biliary ducts were 
distended. Neither could they 
with authors who attribute the 
severe reactions to regurgitation of the 
medium and presumably other possibly 
infectious content of the biliary ducts 
into the pancreatic duct. Their collabo- 
rator, Bergh’, found that the pancreatic 
duct received the contrast medium in 


well 


agree 


about a third of a series of cholangio- 
grams he studied. Since the incidence 
of unfavorable reactions after cholan- 
much lower than this, 
Mixer contended that the 
entry of cholangiographic medium and, 
with it, other contents of the biliary 
ducts into the pancreatic duct is prob- 


giography is 


Rigler and 


ably not responsible for the postcho- 
langiographic difficulty. 

Very appropriately, Rigler and Mixer 
the that care 
should be exercised in performing the 


issued warning great 


necessary maneuvers of cholangiogra- 
phy. Injection of the medium should 
be made at the lowest possible pres- 
sure to obtain moderate filling of the 
ducts. They 
that the medium might best be injected 


intrahepatic suggested 


under roentgenoscopic control to fa- 
cilitate the use of the minimal amount 
and yet the full 
benefit of the diagnostic procedure. 


of pressure realize 
They also insisted on the use of all pos- 
sible aseptic precautions in the prepa- 
ration and administration of the cholan- 
giographic medium. 

2. Aroentgenologic cue to the diagno- 
sis of spontaneous hypoparathyroidism. 
Camp? recently reported the results of 
some investigations he made on the sig- 
nificance of symmetrical calcification of 
the cerebral basal ganglia. He found 
12 cases in which this phenomenon oc- 
curred and in which there was definite 


DICAL SCLENCI 
clinical evidence of parathyroid insuf- 
ficiency and tetany. In general, the pa- 
those which 
commonly hypoparathy- 
roidism, cataracts, convulsions, mental 
retardation and trophic changes. Four 
of the patients were males; 8 were fe- 
males. At the time of onset of symp- 
toms, 7 of the patients were less than 
10 years old, 3 were between 10 and 
20 years of age, 1 was 39, 1 was 42 
At the time of Camp’s examination, 
however, 1 patient was 21% years old, 
4 were between 10 and 20 years of 
between their 20th and 
30th years, 1 was 32 years of age, and 
3 were more than 40 years old. In 1] 
of the cases the parathyroid insufficien- 
cy was spontaneous; the other patient 
underwent thyroidectomy at the age of 
19 years and hypoparathyroidism fol 


tients symptoms were 


complicate 


age, 3 were 


lowed subsequently. 

The pathogenesis of the calcification 
is fairly well understood. Originally, a 
deposition of colloid takes place in and 
around the smaller arteries, 
especially in the media and adventitia 
The veins are rarely affected. Later 
the deposits of colloid become calcified 
and, as they perivascular 
sheaths and concretions are formed 
When the process is extensive the cap 
illary vessels may be occluded, but 
the lumens of the arteries are rarely di 
minished. Changes like these are fre 
quently observed at necropsy, especial 
ly in the globus pallidus and in th 
dentate nucleus of the cerebellum, and 
when they are of minor degree they 
are often thought to have little signifi 
cance. The pathologic process describ 
ed may become marked at any age, and 
in either sex and in response to many 
diseases, not all of which are associat 
ed with neurologic symptoms. Cam} 
and those who worked with him on thi 
project expressed the opinion that thes: 
changes have been most marked and 
therefore, most subject to roentgenolc 


cerebral 


coalesce, 
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detection in cases of parathyroid 
deficiency and other diseases featured 
yy mental detericration, sometimes 
with and sometimes without convul- 
ons Or motor symptoms referable to 
the extrapyramidal system. They did 
t hold the calcification responsible 
for the mental deterioration and con- 
vulsive adequate 
treatment of the parathyroid insuffi- 
iency improves the mental condition 
f the patients and stops the convul- 
sions; but the cerebral and cerebellar 


calcification undergoes no roentgeno- 


seizures, because 


ogically demonstrable change. 

(he roentgenologic appearance of 
symmetrical calcification of the cere- 
bral ganglia was described as a dis- 
tive one, although the degree and 


tent of demonstrable calcification 
\ within wide limits corresponding 
presumably with the stage of the dis- 
ease that is present at the time of 


examination. At the 
stage when the calcareous deposits are 


roentgenologic 


microscopically small, they are expect- 
ed to escape detection on roentgeno- 
grams made during life. The earliest 
demonstrable deposits Camp observed 
were small, irregular and discrete, and 
they were distributed symmetrically in 
the regions of the several basal gan- 
glia, especially in the putamen and the 
caudate nucleus. With more extensive 
calcification, especially when it occur- 
red in the dentate nucleus of the cere- 
bellum and in the folds of the cere- 
bellar hemispheres, the shadows as- 
sumed a wavy linear appearance. With 
Oalescence of calcareous masses the 
shadows were larger, denser and more 
bvious. Calcified deposits in the cere- 
dellim and in the deeper layers of the 

ral cortex were observed to occur 

identally. They sometimes were 
so marked as to simulate vascular le- 


sions or calcified gliomas. Calcification 
imited to the basal ganglia of 1 side 
was observed in 2 cases and it was 


minimal in both cases. Neither patient 
had evidence of neurologic or parathy- 
roid disease. 

The bilateral and symmetrical ar- 
rangement of the deposits was the 
feature which served to prevent diag- 
nostic confusion with cerebral neo- 
plasm. Pneumographic examinations 
were occasionally used to clarify doubt- 
ful situations. Deposits of calcium in 
the choroid plexus were confusing only 
in anteroposterior projections of the 
skull; lateral projections of the skull, 
however, readily revealed the charac- 
teristic, more anterior position of cal- 
careous deposits of the larger basal 
ganglia. 

Camp was careful to point out that 
calcification of the cerebral basal gan- 
glia is not found exclusively in cases 
of parathyroid insufficiency. In the 
course of his study he observed the 
calcification in patients who had had 
encephalitis, tuberous sclerosis, toxo- 
plasmosis or mental deficiency since 
birth, and in some who did not have 
any Clinical signs and symptoms refer- 
able to the condition. The observation, 
in a relatively short period, of 11 in- 
stances in which parathyroid insuff- 
ciency and calcification of the basal 
ganglia were associated was to him 
more than mere coincidence. Since par- 
athyroid insufficiency responds so 
promptly and so well to treatment, the 
diagnosis should be established as fre- 
quently and as quickly as possible. Camp 
expressed the belief that at least an oc- 
casional mentally retarded or handi- 
capped patient might be salvaged if all 
patients with known or suspected para- 
thvroid insufficiency were subjected to 
roentgenologic examination of the 
skull, and if estimates of the concen- 
tration of serum calcium were made in 
all cases of symmetrical calcification of 
the cerebral basal ganglia. 

3. Some roentgenologic contributions 
to the diagnosis of vermiform appendi- 
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citis. If a roentgenologist is asked to 
make a diagnosis of appendicitis, he 
makes use of diagnostic criteria in no 
way different from those used by other 
physicians. He takes a detailed history, 
makes a careful physical examination 
of the patient, and gives due considera- 
tion to special examinations of the urine 
and blood. Naturally, he is more “x-ray 
conscious’ than many another physi- 
cian would be, and if his roentgeno- 
logic equipment happens to be handy 
he will probably want to submit the 
patient to certain very simple roent- 
genologic examinations, none of which 
are rigorous enough or time-consum- 
ing enough to have an unfavorable ef- 
fect on the patient’s prognosis. The pre- 
liminary procedure would probably be 
a so-called scout film (preliminary sur- 
vey) of the abdomen, preferably in an- 
teroposterior and postero-anterior pro- 
jections. His principal concern in this 
examination is the exclusion of certain 
abdominal abnormalities which pro- 
duce clinical manifestations that simu- 
late those of appendicitis. Urinary lithi- 
asis usually, and biliary lithiasis fre- 
quently, can be disclosed by this sim- 
ple maneuver; the existence, site, and 
usually the nature and significance of 
other intra-abdominal calcified masses 
can be determined; opportunity is giv- 
en to establish the presence and to con- 
sider the significance of abnormal intra- 
intestinal and extra-intestinal accumu- 
lations of gas. If, by chance, the cecum 
contains enough gas to make this or- 
gan identifiable as such, the roentgen- 
ologist may wish to perform roentgen- 
oscopy to correlate the abdominal ten- 
derness and muscular reaction with the 
cecum, and by inference with the ap- 
pendix. 

Not roentgenologists today 
place much reliance on the evidence 
of appendicitis elicited by administer- 
ing Opaque suspensions by mouth or 
by enema in the hope of making the 


many 
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lumen of the appendix visible on roent- 
genograms or on the roentgenoscopic 
screen. It is true that the exact intra- 


abdominal position of the vermiform ap- 


pendix can be determined in this way; 
its mobility can be tested by manipu- 
lation and its anatomic relation to the 
cecum can be depicted. These determi- 
nations are possible, however, only if 
the appendix receives the contrast me- 
dium. This will be unlikely if the ap- 
pendix is actually diseased in the clin- 
ical although failure of the 
appendix to receive the contrast mate- 
rial is in no sense acceptable evidence 
of appendiceal disease. Nevertheless, to 
be able to demonstrate a precise corre- 
lation between significant abdominal 
tenderness and abnormal muscular re- 
action to palpation, and the tip of the 
cecum may, especially when the cecum 
is not in its usual position, be helpful 


sense, 


in clarifying a dubious situation. 
Even if there were distinctive roent- 
genologic signs of appendicitis, admin- 
istration of opaque material by mouth 
would rarely be undertaken when the 
diagnostician is confronted with the 
possibility of acute appendicitis. Hours 


are consumed waiting for the material 


to reach the ileocecal region, and thes¢ 
are critical hours. Administration of 
opaque material by enema is much less 
time-consuming but it is not without 
danger when perforation is imminent 
because it is a rigorous procedure, and 
no matter how deftly performed it ex- 
cites the motility of the intestine at the 
very time when such excitement should 
be scrupulously avoided. In the inter- 
val between recurrent acute or sub- 
acute attacks of appendicitis, opaqut 
material can probably be administered 
with relative safety by either route 
But what is the diagnostic yield? Agail 
it is true that lesions of the intestinal 
tract other than appendicitis, but per- 
haps simulating it in their clinical mani- 
festations, will be detected in this way 
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But aside from the apparently rare 
nonstration of an inspissated non- 
ique fecal mass in the lumen of the 
ppendix, or verifying the intraluminal 
or juxtacecal situation of an appendi- 
colith impregnated with calcium, there 
are n0 reliable and distinctive signs of 
clinically significant appendicitis. The 

tient may complain of 
when the 


tenderness, 
cecum or the appendix is 
manipulated during roentgenoscopy 
und there may be some voluntary or in- 
voluntary abdominal muscular reaction 
on the part of the patient to the pal- 
pation, but at most these are signs of 
doubtful value and but a minor part 
of the clinical syndrome. If the appen- 
dix fills with barium suspension, and 
there is reason to think that 3 out of 4 
ippendixes will do this either with the 
barium meal or with the barium enema, 
or with both, the roentgenologic ex- 
miner may get the impression from his 
manipulations ‘during roentgenoscopy, 
or even less reliably from a set of serial 
roentgenograms of the ileocecal region, 
that the appendix is fixed unnaturally 
to the cecum or to the abdominal pa- 
rietes, and he may interpret this to be 
1 residuum of previous attacks of ap- 
pendicitis. Unfortunately the natural 
fixations of the appendix are most dif- 
ficult to distinguish from the unnatu- 
ral ones, in fact, many examiners of rec- 
ognized competence experience diffh- 
culty in establishing merely the fact of 
fixation. Other more or less significant 
changes that may be observed in the 
barium-filled appendix are: (1) its in- 
fracecal, paracecal or retrocecal posi- 


tion; (2) diverticula, which are very 
rarely encountered and of questionable 
clinical and pathologic significance; (3) 


kinks and tortuosity, potential factors 
in the pathogenesis of acute appendi- 
citis when it can be established that 
they are genuine, and this is not easy 
0 (4) appendiceal stasis, the signifi- 
ca of which is impossible to esti- 


mate because it is known that appar- 
ently normal appendixes can retain 
roentgenologically demonstrable quan- 
tities of barium for days or weeks; (5) 
opaque toreign bodies, .especially gun- 
shot, which may be retained for pro- 
longed periods; (6) small, nonopaque 
masses which may be small fecaliths or 
inspissated mucus, probably formed in 
situ, the significance of which is ques- 
tionable; (7) peculiar and as yet unex- 
plained changes in the relief pattern of 
the appendiceal mucous membrane. 

Neoplasms of the vermiform appendix, 
malignant and benign, the incidence of 
which is exceedingly lew, are occasion- 
ally made manifest not by producing 
demonstrable change in contour of the 
contrast-filled appendix, because the 
appendix is not expected to receive the 
contrast material when so affected, but 
by producing a compression or dis- 
placement type of deformity of the ce- 
cum or adjacent portion of aboral 
ileum. The tumefactive chronic peri- 
appendiceal granuloma 
produces a similar roentgenologically 
demonstrable change. 

These remarks were prompted by 
the appearance in recent issues of ra- 
diologic journals? of several arti- 
cles pertinent to the subject of appen- 
dicitis. Three of these called attention 
again to the significance of calcified ap- 
pendicoliths. To those readers who ac- 
cept the theory which Wangensteen’* 
developed in a very convincing man- 
ner, namely, that obstruction of the ap- 
pendiceal lumen is the fundamental 
factor in the pathogenesis of acute ap- 
pendicitis and that the appendicolith is 
the most important single agency in the 
development of the obstruction, these 
discussions will have a special appeal. 
It is known, of course, that appendico- 
liths are frequently found in appen- 
dixes removed surgically for acute ap- 
pendicitis (in 67% of a series of cases 
of acute appendicitis analyzed by Bow- 


abscess or 


| 
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ers*), but the preoperative diagnosis 
has been made relatively seldom. The 
diagnosis is strictiy a roentgenologic 
problem and it is a relatively simple 
one when the concretion is fairly large 
and when it is impregnated with 
enough calcium to make it opaque to 
the roentgen rays. The incidence of 
appendicoliths of this kind has been 
thought to be very low. Yet Felsen and 
Bernhard’ encountered 10 instances in 
the course of 3 years during which time 
they estimated that 300 appendecto- 
mies were performed in the hospitals 
in which the 10 patients were seen. 
They also made an analysis of 100 
cases reported in the literature since 
1906 and of the 10 cases of their own. 
See below.) Thomas” reported on the 
clinical histories and roentgenologic 
findings in 8 cases, 6 of which were ob- 
served since 1945 and 4 of them in that 
year. In Childe’s® series of 8 cases the 
patients were children 12 years old or 
younger who were observed in a pe- 
riod of 11 years in 1 hospital. These 
reports are not mutually inclusive. In 
only 11 of the 100 cases reviewed by 
Felson and Bernhard’ was the diagno- 
sis made preoperatively and confirmed 
surgically. Summarizing the important 
conclusions which the authors of these 
papers independently concurred in 
making, these points can be made: (1) 
appendicoliths appear on roentgeno- 
grams of the abdominal field as oval or 
round or triangular or irregular opaque 
masses, which vary in size between 
0.5 cm. in diameter to 3.0 by 1.5 cm. 
in length and width, and usually show 
evidence of lamination (94%, accord- 
ing to Felson and Bernhard), are situ- 
ated in the far right lateral portion of 
the abdominal field at various vertical 
levels between the shadow of the low- 
er border of the liver and that of the 
spine of the right ischium. (2) The 
shadows are large enough and opaque 
enough to be seen on the roentgeno- 
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gram of the abdomen, although special 
projections are sometimes necessary to 
identify the shadows as appendicoliths 
and occasionally it is necessary to per- 
form urographic and cholecystographic 
examinations to exciude urinary or bili- 
ary calculi or to examine the ileocecal 
region with the opaque meal or the 


*Opaque enema to prove a close anatom- 


ic relationship of the shadow with the 
cecum. (3) In about two thirds of the 
cases reported there was but 1 appen 
dicolith; there were 2 or more appendi- 
coliths in a third of the cases. (4) Not 
all appendicoliths are hard and firm: 
according to Bernhard 
about a fourth of them have a soft con- 
sistency. (5) Since the coincidence of 
acute appendicitis with appendicolithi- 
asis is very high, and since the inci- 
dence and imminence of perforation of 
the appendix at or near the appendico 
lith is also very high, surgical removal 
of the appendix should be attempted 
as soon as the diagnosis is made; Thom- 
as was especially insistent on this point 
and made the apt comment that it is 
more important to remove an appendix 
containing stones than to remove a gall- 
bladder with stones since rupture of the 
gallbladder is a comparatively unusual 
complication of cholecystic disease. (6 
Roentgenographic examination of the 
abdomen should be performed routine- 
ly whenever the diagnosis of appendi- 
citis is being entertained. 

Euphrat® reviewed the literature on 
mucocele of the appendix and reported 
a case in which, by using a well-de- 
fined roentgenologic syndrome elabo- 
rated by Akerlund', he was able to 
make the correct diagnosis prior to op- 
eration. The patient was a womal, 
aged 42 years, who for 10 months had 
had dull pain in the lower part of the 
right side of the abdomen while 
lying down. Physical examination re- 
vealed a smooth, round, slightly 
tender, very mobile mass at the level 


Felson and 


| +} 
rye 
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the anterior superiol spine ot the 
um. Roentgenologic examination of 
e colon showed the cecum to be 


splaced medially and anteriorly by 
reniform, mobile, sharply circum- 
measured about 


The mass maintained a 


ribed mass which 
by 10 cm 
lose anatomic relationship to the ce- 
im when manipulated, and it  pro- 
uced a concave deformity of the lat- 
il and posterior borders of-the ileo- 
ecal coil by its close contact. In the 
ntral portion of the mass there was 


ccumulation of calcareous mate- 


| arranged in the shape of a swas- 
i. No contrast material was observed 
enter the lumen of the appendix. On 
basis of these findings the diagno- 
of mucocele of the appendix was 
de. The diagnosis was confirmed at 
eration. Qualitative tests of the con- 
nts of the mucocele were strongly 
sitive tor calcium but there was no 
ce of This 


fourth reported case of mucocele 


barium. appears to be 


the appendix in which the correct 
mace 


HOSIS Was 


before operation 
Euphrat expressed the 
n the past the diagnosis 


hecrops\ 
nion that 


1] 
usually missed because the pres- 


e of a mucocele was not considered. 
loubtedly other 
tances, as yet unpublished, in which 
diagnosis was made preoperatively 

subsequently confirmed, for Aker- 


is criteria 


there have been 


so definite and so 
lily elicited. The only feature of 
syndrome 


are 


distinctive for muco- 


is the deposition of calcium in the 


tance of the tumor or in a plaque- 
rangement in its walls. Benign 


malignant neoplasms of the ap- 


pendix are manifested roentgenologi- 


( in a manner similar in all other re- 
spects. A well-localized chronic periap- 
pendiceal abscess may effect similar 


hanges. Obviously the clinician and 
oentgenologist should consider all 


ossibilities when alterations in the 


Jiv 


ileocecal region of this general nature 
are encountered in practice. 

t. Roentgenologic aid in the diagno- 
sis of mesenteric thrombosis. Some 
Rendich and Harrington® 
cases of mesenteric throm- 
of which they postulated a 
diagnosis of mesenteric thrombosis on 
the basis of observations made in the 
first case. In this case the patient was 
a woman, aged 75 years, who entered 
the hospital because of obstipation and 
ubdominal pain of about 60 hours’ du- 
ration. The clinical diagnosis was intes- 


vears ago, 
reported 


bosis. in 2 


tinal obstruction. Roentgenographic ex- 
amination of the abdomen revealed 
distention of the small intestine and of 
the right half of the large intestine 
with gas. The column of gas in the 
large intestine ended abruptly at the 
transverse colon limb of the splenic 
tlexure. This suggested mechanical ob- 
struction; but, surprisingly, the opaque 
enema readily passed through the site 
of the suspected obstruction to fill the 
entire colon. The patient died the next 
day. Necropsy revealed thrombosis of 
the superior mesenteric artery; gan- 
grene of the small intestine, cecum 
and part of the ascending colon, and 
hypertensive disease. In the 
course of the next nine months they 
observed two other patients who pre- 
sented a similar intestinal distention on 
roentgenographic examination of the 
abdomen. On this basis alone they 
again offered the tentative diagnosis 


heart 


of mesenteric vascular occlusions. Both 
patients underwent operation. The di- 
the 
intestine was resected, and the patients 


agnosis was verified, gangrenous 
recovered. 

Recently Harrington‘ reported 4 ad- 
ditional cases with precisely similar 
roentgenographic manifestations in 
the 
thrombosis was confirmed either at op- 


eration or at necropsy. 


which diagnosis of mesenteric 
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ure of the colon has occurred. It is the 


The authors*® did not say how often 
region which corresponds to the limit 


this diagnosis was made but disproved 
by subsequent events; therefore, they of the distribution of the superior mes 
presumably did not have this experi- enteric vessels. Obviously, it is anoth- 
ence. In any event, their published er situation in which a simple roent- 
roentgenograms are convincing enough genologic procedure may offer an im 
to make the clinician and roentgenolo- portant clue to an obscure and rela- 


gist give this diagnostic possibility due _ tively rarely encountered cause of genu- 


consideration whenever gaseous dis- ine abdominal catastrophe, and one for 
tention of the intestine abruptly termi- which prompt decision might spell the 


nating in the region of the splenic flex- difference between life and death. 
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Few drugs have enjoyed such wide or 
iried use as atropine and its related 
ompounds. Since some ancient time, 
vhen plants of the belladonna group were 
first ingested, up to the recent flood of 
nthetic modifications it has been a basic 
ool of witch doctor, physician and sci- 
entist. What basis does modern pharma- 
logy give us for separating fact from 
yth—for replacing empirical hearsay 
th applied physiologic observations? 
irtial answers to these questions are 
en in the following review—an out- 
wth of some investigations on methyl 
ropine nitrate at the University of 
Rochester. 
CHEMICAL STRUCTURE AND BrIoLocic 
riviry. What is known of the relation- 
p between the chemical structure and 
logic activities of these drugs? The 
ve principle of the belladonna leaf and 
extracts are a group of alkaloids, the 
t important of which is l-hyoscyamine. 
opine is a stereo-isomer of hyoscya- 
e and is optically racemic. The com- 
pound is the ester of tropine (an amino- 
hol) and tropic acid (alpha-phenyl, 
i-hydroxy-propionic acid). Extensive 
stigations and modification of both 
portions of this molecule have been car- 
out to determine if possible which 
‘ical and structural features are es- 


sential for various biologic activities dis- 
played by the parent alkaloid. Cushny'® 
(1920) felt that tropine itself was devoid 
of “typical” atropine action. However, 
its esters (tropeines) with a great variety 
of acids possess some degree of biologic 
activity. This was systematically studied 
by Dyson™ (1925). In general, he found 
that mydriatic activity was stronger in 
those compounds containing a benzene 
ring and/or an alcoholic hydroxyl group 
in the acidic portion of a molecule, but 
this was not the essential prerequisite it 
was often thought to be. For example 
alpha-hydroxy-beta-2. pyridyl tro- 
peine, which has no benzene ring portion, 
and ortho-hydroxy-benzoyl tropeine and 
meta - hydroxy - benzoyl tropeine which 
have no alcoholic hydroxyl groups, all 
Indeed the 
lactone itself possesses mydriatic activity 


possess mydriatic activity. 


as shown in terebyl tropeine which has 
paralytic activity in addition; thus this 
property does not depend on a free hy- 
droxyl group either. Opening the lactone 
ring destroys activity. 

The irritant action of atropine is dim- 
inished with the substitution of halogen 
(chlorine or bromide) for the hydroxy] 
portion of the atropic acid residue. 

Alkyl atropines are without activity. 
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Demethylation of the nitrogen atom 
results in decreased activity. 

Methyl atropines have little or no cen- 
tral action but retain their peripheral 
activity 

It has been shown, then, that certain 
modify various 


alterations in structure 


tvpes of atropine actions. Thus syntro- 
pan (the dimethyl-amino-propanol ester 
of tropic acid) is quite effective in reduc- 


Ing pasm ot smooth muscle though 
20 times less effective than atropine itself 


in equivalent doses) it is almost without 
effect upon the central nervous system; it 
does not suppress pilocarpine, induces 
salivation, and is a very weak mydriatic. 
methyl-homatropine hy- 
Quigley 


to be somewhat less effective than 


Nov atropine 
drobromide was shown by 
1937 
atropine in inhibiting gastric hypermotil- 
ity induced by insulin. 

Homatropine is an excellent mydriatic, 
although somewhat transient in effect but 


has little systemic effectiveness, possibly 


hbecaust esterases are able to 


the body 
destroy it rapidly (Bernheim,® 1942 
t-mandelvloxy-1; 2; 2; 6- 


tetramethyl piperdine) has also been used 


Eucatropine 


clinically as a mydriatic. 

Mydriasin is a trade name for methyl- 
atropine bromide. 

Methyl-atropine nitrate is sold in this 
country under the trade names of eumy- 
drine and metropine. 

A long series of benzilic esters were 
Ing et al®® (1945) and 
they briefly reviewed the problem. 


investigated by 
Their 
observations covered compounds of the 


following general type: 


which structurally are all alkamine ester 
where the . group is either a poly- 
mie thy lene chain or a evelic structure. It 
is a striking fact that compounds of this 
general type have a peculiar affinity for 
structures and exhibit | or more 


kinds of 


neural 


of 4 pharmacologic actions, 


namely 
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che linergic, atropine-like, curare- 


SCITENCT 


like and local anesthetic, 
the nature of the acyl radical and of the 


basic group The discussion. of 


depending on 


these 


writers is worth quoting * Cholinergi 


properties appear to be rather strictly con- 


fined to molecules containing 3 methy! 


N-atom and an aliphatic 


groups on tive 
i 


acyl radical (acetyl, pyruvyl, carbamyl 


ete.); the (( group is usually (CH 


but 7 mav be 3 or the chain branched 
lcholine.”’ 


\tropine and curare both antagoniz 


acetylcholine but the anatomic dis 


tribution of their effects is. different 


Curare-like properties are widely share 
by alkamine ters, provide 1 that th 
basic gro Ip is quaternary, but thes ha 
appear in a Ider and more transien 
form in tertiary bases. The curare typ 
of activity is characteristic of the oniut 


cation and when it is displayed by t 


tiary base Ss mo probably depends upo 


a relativel stable tertiary cation 
because strong bases show it more mark 


edly than weak bases 
“The result vhich are re ported in tl 


paper, suggest Ut! it atr ypine -like propel 


ties ought al © to be attributed to: tI 
cation and not to the free base. Conve 
sion of a tertiat 


the cation. 


stablizes Whereas tertiat 


cations R,NH exist in equilibrium with the 
+ OH 

cations are incapable 
versible reaction. We have foun 
} 


that such stabilization normally increa 


free base, thu 

H.O, quaternar 
such a re 
tertia 


the atropine-like prope rties of 


bases. The attribution of atropine-li ( 


properties to the cation of the terti: 


explains our results | 


base not onl 


also brings the atropine-like action int 
line with the curare-like action; both ar 
due to antagonism of an onium cati 


acetylcholine, in cells adapted to respt 


to the latter, and our view is that f 


cationic nature of the antagonist, whet 


atropine-like or curare-like, is fundan 


base into its metho-sa 
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lly important. The conversion of a 
rtiary base with atropine-like properties 
to its metho-salt not only increases its 
vity in this respect, but also confers 
on it strong curare-like properties, as 


rown and Frazer'® (1869) discovered for 


ropine itself. The other structural 
itures which lead to atropine-like pro- 
rties in alkamine esters are more re- 


ricted than those which confer curare- 


properties.” 

PHystoLoGcic AcTIviIty OF ATROPINE, 
the previous section, while considering 
emical structure, the term “typical” 
ropine activity was glibly used. Just 
at is typical atropine activity? 

he most prominent physiologic action 


itropine may be expressed as antivagal, 


it is, it tends to block the effects of 
tvl choline on smooth muscle and gland 


leaving adrenergic action dominant 

anopposed. That atropine often 
etively blocks the muscarinic action 
acetyl choline without affecting the 
itinic effects of acetyl choline is illus- 
experiment (1928) of 
intestinal tract of the tench. Clark" 
37), however, offers well documented 


ted by rey’ 


dence to show that this is a generaliza- 
and « er\ tissue seems to be a law 
» itself For example, in Helix pro- 
t the heart action is inhibited by 
lcholine or muscarine. The presence 
bsence ol atropine has no effect on 
action One becomes accustomed to 
king of atropine as a parasympa- 
colytic drug with solely peripheral 
yn, but these drugs have definite cen™ 
nervous system and sympathetic com- 
nts in their action. It is worth recog- 
ge that although little is known about 
<act way in which atropine works, 
is abundant evidence that in no 
nce does it prevent nerve impulses 
releasing acetylcholine but merely 
nts effector cell response at some 
pe riphe ral to the nerve ending. 
[TION OF THE ATROPINE GROUP ON 


CENTRAL AI- 


the autonomic nervous system is 


customarily thought of in terms of periph- 
eral effects there is much evidence to 
show that the concept of levels of func- 
tion applies to this system as well as to 
the motor division. In isolated organs 
effects can be produced by local applica- 
tion of specific autonomic drugs. Similar 
effects can be produced in intact animals, 
but segmental autonomic reflexes are 
well known and medullary centers are 
essential for regulation of the blood pres- 
sure. Heat regulation, primarily an auto- 
nomic function, is integrated at the level 
of the hypothalamus. Indeed, injection 
of acetylcholine (pituitrin, or pilocarpin; 
adrenalin produces no effect) directly into 
hypothalamus results in massive para- 
sympathetic discharges which can be 
blocked immediately by intraventricular 
injections of atropine (Henderson and 
Wilson,*? 1936; Cushing," 1932). Other 
more complex integrations take place at 
the striatal level. Cortical areas govern- 
ing autonomic function are found, gener- 
ally corresponding in localization to those 
areas influencing corresponding somatic 
motor functions. For example, lacrima- 
tion occurs from stimulating eye-fields; 
salivation on stimulating motor represen- 
tation of the face and tongue. The exact 
anatomic or chemical pathways through 
which these effects are mediated are not 
Heart rate, intestinal motility, 
sweating, conditional reflex salivation and 


known. 


psychic phase of gastric secretion are all 
known to be influenced by autonomic 
stimuli and also by cortical stimulation. 
The relationship that acetylcholine, and 
consequently atropine, might have in these 
central nervous system functions is not 
well understood at the present time. 
Atropine stimulates the medulla and 
higher cerebral centers. It is believed 
that the drug acts by direct irritant action 
and not by removal of inhibition. Many 
people believe that this action on the 
central nervous system is the basis of 
the extreme toxicity of atropine in human 
beings as compared with other animals, 
notably rodents. Macht® (1923) studied 


T { 
ns 
| 
i 
ope 
‘ 
Uli 
tol 
rena 
rtl 
| 
al 
sp 
t 
al 


the effec ol different opin 
on the reactions of ilbino rat ule 
{ He found that vers mall dose 
would affect ability this” situatior 
0.025 m timulating and 0.05 me le 
pre ing thei activity Phe depre nt 
aose ol tropine Was while tropi 
icid had no effeet even in la Oo ClOseé 
These results were obtained with rat 
nimals in which the lethal di of atro 
relativel high and in which central 
( Ou tem effeets ar not prominent 
On he other hand ps chic mpton 
ire among the most prominent signs o 
il O} ne intoxication In man leading to 
erotesque and unusual actions 
Che intra-arterially injected acetvlcholine 
i di arge from tl] central ner- 
oO tem ol a dece} Dbrate cat ulting 
ncerea in tone ofl e lnnervatec 
quadriceps. This action is blocked by 
tropine (Calma and Wri 
Vethylatropine po rtiy 
ts methylated structure (Dvson 1928 
equivalent peripheral action but litth 
or none of atropine’s prominent central 
iction Mice are killed by respirator 
paral 1S without any ¢ nee ot con ul- 
sant action Graham Lazaru 
1940 Nyman reports Brown and 
Frazer 1869) found that e stimulat 
ing effect of methvlatropine (iodides and 
ilfate had considerabl eS central 
wet than equivalent ot atropine 
kerb 1903), in extensive limieal trial 
failed to find 


idences of central stimula- 


tion with the rapeutic dose In man equiva- 
lent to those which had an action, when 
tested 1n a cat’s eve, a erent is that of 
itropine Issekutz 1917 found that 
methylnitrates of both homatropine and 
atropine has stronger anticholinergic et 
rec than the parent dr 0 and showed 
I irked curare effect but tl at the ‘en 
tral effect was 30 to 50. time weake 
Solis-Cohen and Githens 1928S tate 
that ingestion of 60 meg. of nethyl- 
atropine nitrate by a man caused weak- 
ne particularly of the leg but no cere- 
bral Inptoms Monrad 1928S report 


nie 
however, n tagmus, ness and 
ul ions mong the COX reactions 
methvl-atrop nitrate in his series 
Variou belladonna derivatives hay 
been used clinically for many years u 
paral; witans, athetosis and_ rigidit 
due to involvement of the extraps ramida 
tem and De al ganglia In genera 
little is unde od as to their mechanisn 
of action \tropine is used for Parku 
onian svmpte but the prominent side 
effects are ¢ produc ed before allevia 
tion Highe recorded daily dose Ol 


atropine n condition is D4 me 
Hall. 1937 No published results col 
cerning methylatropine therapy in Parku 


Oonisin were 


Neither ropine nor methylatropin 
how cur regular action on the spin 
cord 

Phe rapeuth ily this means that methy 
itropine has | prominent psychic. side 
actions, maintaining a peripheral 
etfe I in aul nt doses. 

ACTION OF THE ATROPINE GROUP ON 
re \tropine causes paralysis 
the sphine iuscle of the iris whicl 
dilat the pupil mydriasis It also par- 
aly es the cil ir) muscle of the lens lead- 
ing to paral of accommodation (evelo- 
plegia ind photophobia The iris n 
longer re Spol to light and fails to react 
with convergence of the eyes. The para- 
npathet hber from the teetal out 
How reach the eve a the third nerve a 
the cilary ganglion and innervate 


tor pupille and the ciliary muscel 


ma form the etferent limbs of the lig I 
and accommodation reflexes. This reac- 
tion takes place blocking the cholinet 
nerve impulses and the action of acety!- 
choline. Intraocular pressure remains es 
sentially unchanged, unless it is alre: 
elevated a in glaucoma, when it is 
creased further with atropine. Ther 
some debate as to the mode of action « 
atropine in increasing ocular pressure 
such circumstance It is probable t 
lymphatic dra nage is still more seriol 
interfered with by the action of atropin 
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the ciliary muscle blocking free flow 
veen the 2 chambers of the eve. 

Methylatropine was introduced clini- 
mydriatic use by Lindenmever 
103) and Goldberg* (1903). Their stud- 
ndicated that methylatropine pro- 


ced maximal mydriasis in 30 to 75 
ute with final recovery in 40 to 72 
ll produced maximal evcloplegia 


2 to 14 hours with recovery in 37 hours. 
se results may be compared with the 
nt results of Wolf and Hodge! 1946 

ested the ettect of methylatropine 

para rhe solutions of homatropine 
atropine in the human eve.  Instilled 
ounts into human eyes, homa- 

less m driatic and CV loplegic 
in either of the other 2 drugs, 
rec ! from its effects was the most 

tropine nitrate had signifi- 

driatic action than atropine. 
evcloplegic action was about. the 
as Tl t ol atropine. 

gv, Dawes and Wajada LO45) re port 

activity of methylatropine 

-.SS times as strong as atropine when 

toneally to mice but onl; 

Cth e with local appli- 

cats eve They telt that 

hese alkaloids depe nds on the 
nistration 

frHE ATROPINE GROUP ON 

RESPIRATORY Tract. Atropine in- 

ecretions of the nose, pharynx and 

resultant drving ot mucous 


\ccording to Henderson* 


U.2 Causes decrease In nasa 
f al iv ol the mouth in 
(it scribes autonomic 

rom lal smooth muscle 

nbers are vagal, reacl 


ree from anterior and poste- 


plexi and exert a tonic 
on agal section ts fol- 
hodilatation. Stimulation 


peripheral end of a cut vagus pro- 
tel and contralateral constric- 


ls, constriction via vagus 


be refle invoked irritating the 
mucous membrane of thr upper respiratory 
tract 

\tropine also inhibits the smooth mus- 
cle of the bron 


hi and bronchioles, causing 
Trendelenburg,* 1912; Soll- 


mann and Gilbert, 1937 


relaxation 
These actions 
form the basis of a therapeutic use in 
asthma and catarrhal conditions and of 
its ust preope ratl el) with morphine when 
anesthe sla is en. 

No spec ific references to the actions of 
Tine thvlatropine on the respirators system 
were discovered, but on the basis of the 
similarity of its other pe ripheral actions 
to those of atropine, it probably has a 
similar etfect on the respiratory system. 
Usener 1926) used dosages of 0.5 to 
0.75 mg. of methylatropine nitrate for 
asthmatics. 

\CTION OF THE ATROPINE GROUP ON 
Hearr. Ever since the Webers” (1845 


showed the in} ibitors action of the Vagus 


on the heart, there has been physiologic 
debate as to the exact role that the Vagus 
nerve plays in controlling the activities 
of the heart Hence there has been a 
similar COnTUSION Ove! the exact role ot 
atropine - the essential action on the heart 


is antivagal, despite some claims for direct 


action of heart muscle It is now gvener- 
all: believed tl atropine alters the car- 
diac rate by stimulating medullary vagal 
centers in small doses of between 0.5 and 
1 mg. (Heinekamp,* 1922; Gremels,** 
1936). Recent] accelerator fibers have 


been described in the vagus nerve of a 


dog Kabat, 1939) which may explain 


the initial slowing action — of atropine. 
\tropine causes acceleration by blocking 
the \ agal effect on the sino-auricular pace- 
maker in doses over 2 mg. (Crawford," 
1923; Marris, L916 These effects are 
most prominent in young adults who have 
a strong vagal element White®® (1940 
+] 


reports that the bradycardia resulting 


from stimulating the hypothalamus in 
humans was aboli hed by atropine. He 
also obtained acceleration from stimulat- 
ing the posterior portion of the hypo- 
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thalamus \tropine is sometimes used in 
\dams-Stokes syndrome to prevent vagal 
arrest. It will prevent the bradycardia 


caused by giving acetylcholine. Atropine 


IS occasionally effective in heart block 
Gilchrist,” 1933 
Issekutz 1917) found that methyl- 


atropine acts about S times as strongly 
as atropine in depressing the vagus of the 
Nyman's 1942 Tables 1, 


2 and 3) working with atropine and other 


results 


anticholinergic substances, demonstrate 


clearly that their effect on blood pressure, 
pulse rate and minute volume of the heart 
in individuals with a 


is most prominent 


strong vagal component. Atropine coun- 


teracts the peripheral vasodilatation and 


drop in blood pressure caused by acetyl- 


MEDI 


AL SCIENCI 


In 


causes a drop in 


choline and mecholvl. toxie concen- 


trations, however, it 


blood 


motor depression 


pressure because of central vaso 


Despite its general 


effect of counterac ting the vasodilatation 
as previously mentioned, in certain cuta- 
neous blush areas it causes vasodilatation 
by direct vascular effect. Methyl 
atropine has been shown to influence the 
action exerted by adrenalin on the blood- 
vessels and has the power to cause paresis 
ultimately paral of 


and complete 


sympathetic motor termination in the ves 


sels Jergengren, 1925 Graham and 
Lazarus®® (1940) found that in rabbit 
0.05 mg. per kg. of methylatropine nitrate 
inhibited the bowel without affeeting 


blood-pressure ; however, Oo ug ot atropine 


TABLE HE OF ATROPINE AND EUMYDRIN s—E Ratt 
M 
Dose 
je Il) 
N, male \tropine LOO 0 20) 
Methylatropine O S4 LOO 2 7 
©, male Atropine Q 72 LOO Ss 28 
Metl vilatro} ( 72 LOO 73 
H male Atropine 0 65 L100 5 | 
Methylatropine 0.65 100 S4 16 
| male Atropine 1.20 200 1:33 114 
Methylatropine 0 60 L100 433 175 
2 THe EFFecT oF ATROPINE AND EUMYDRIN ON THE OX EN CONSUMPTION, BLOoovp 
RESSURE, PULSE Rate AND MINUTE VOLUME OF THE Heat IN Huma BEINGS 
\tropine 0 O02 
before injectior 239 54 29 4 
30-40 min. 242 S4 6 96 
60-70 min. 246 78 10, 4S I xiImum 
my iri O2 
pelo! injectlo 256 54 22/30 2 
30-40 min. 236 R45 92 
OU 70 min. US } ) 7 
maximum mere 
PaABLE 3 CHANGES IN SKIN TEMPERATURE RECORDED With THERMOCOUPLI 
AFTER EUMYDRIN 
50 m 20 mul 
(0.1 mg. eumydrin/10 kg. body weight 
Forehead 34.8°C 35.1°C 36.3°C 
Right cheek 34.2 34.3 36 8 O 
Left cheek . . 33.9 34.0 36.7 8 


d hands. 


atropine caused responses of approximately the same magnitude 


when measured in 


PTHERAPEL 


the effect on the blood-pressure 


7 0.15 of acety lcholine for an average 
sae minute Six wg. of methylatropine 
- rate abolished the effect of 0.15 yg. of 
7 lcholine for over 19 minutes. They 
ta ere impressed with the more lasting 
® ect of methylatropine in depressing car- 
autonomic cholinergic fibers. 
mM It will be seen here, likewise in man, 
methylatropine nitrate has a more 
rked effect on the blood-pressure and 
e olume of the heart than equiva- 

, ol atropine. 
_ \CTION OF THE ATROPINE GROUP ON 
sit SALIVARY GLANDs. It has long been 
ot wn that the atropine alkaloids de- 
e salivary secretion. This antisia- 
se ogic action is made use of in routine 
eoperative medication. Hedenheim* 
S72) demonstrated that stimulation of 
la tvn pani after atropine no longer 


cretion of saliva from the sub- 
and. Langley® (1890) 

the 
ling to the parotid gland also did not 


demon- 


ited that stimulation of nerves 


ation after atropine. Ewing" 
that 
ed the quantity and composition of 
the solids 
amylolytic power of the 
that in the re- 
« direction normal amylolytic power 


aden onstrated atropine de- 


greater doses, first 

en the 

were reduced and 
ned first It has been adequately 
that whatever controls the 
tory | netion, the effects produced 
those related to blood 
The ability of 
inhibit salivary secre- 


lependent of 
the gland 
alkaloids to 
nduced by pilocarpine has long been 
thod of testing the relative 
les [ssekutz 1917 


gy. Ol pilocarpine in rabbits found 


al a 
who used 


> mg. of methylatropine was as 
eas 1.5 to 2.0 mg. of atropine, thus 
ng the quaternary base 3 to 4 times 
the parent alkaloid. 
that 


times as 


Cush- 
1920) found 
Was 


ne n antagonizing pilocarpine in- 


methylatropine 
strong as 


rics 583 


in dogs. Drugs were 
The dogs had fistulas 
standard 


duced salivation 
calculated as base. 
in the submaxillary ducts, a 
technique of Cushny’s, fully described in 
He used methylatropine 
999 


( 


the literature. 
bromide with a melting-point of 
One-tenth mg. of atropine sulfate was 
weaker than 0.1 mg. of methylatropine 
but stronger than 0.05 mg. 

1945) found that 
effective 


Bulbring and Dawes!! 


methylatropine was more 
than atropine in antagonizing pilocarpine- 
induced secretion in dogs. Giving atro- 
pine an arbitrary value of 100, the lowest 
value obtained for methylatropine nitrate 
was 133, the highest was 250, the mean 
190721 
of the atropine group, tested the effect 


. Nyman, in his extensive review 
of various drugs on pilocarpine-induced 
secretion in man. He found that in 7 con- 
secutive control experiments on a male 
secretion of 
the Ist hour 
followed injection of 0.1 mg. of pilocarpine 
per 10 kg. 
were obtained in other individuals: 
24.870.57 O.S] 


subject, O, an average 


28.670.45 gm. of saliva in 


Similar results 
23.15 


body we ight. 


gm.; gm.; 


30.65 gm. If subject O was given 0.05 mg. 
methylatropine nitrate (7 mg. per 10 kg. 
body weight) secretion reduced to 
14.95 and 15.55, in 2 different trials. 


The following amounts ot atropine sul- 


Was 


fate antagonized pilocarpine-induced se- 
cretion (1 mg. pilocarpine per 10 kg. body 
weight In subject O, whose unantag- 
onized average secretion (given above) 
was 28.6 with 0.1 mg. (14 ug.) the secre- 
14.35. Dose of 0.2 
(28 ug.) allowed secretion of only 9.7. 
Dose of 0.45 (63 ug.) 
of 1.95 and 1.3 gm. in 2 different trials. 
Dose of 0.5 (70 ug. 
0.55. <A dose of 0.6 mg. (84 ug.) com- 
pletely stopped secretion. Results with 
methylatropine nitrate in the same in- 
dividual dose of 0.07 
(10 ug.) allowed secretion of 
of 0.1 (17 ug. 


(35 


tion was reduced to 
allowed secretions 


allowed secretion of 


were as follows: 
12.15; dose 
reduced secretion to 5.25 


ug.) inhibited secretion completely. 


T 
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Note that this dose is only one-third the 
lose of atropine required to obtain the 
ame anti lalogogue effect Similar re- 
ult were obtained with t other individ- 
ual Nyman charted and compared the 
iCTIVITY OF 14 other alkaloids with that of 
atropine in this regard 
\CTION OF THE ATROPINE GROUP OD 
rHE Esopnacus. Little information wa 
discovered relating to the pharmacologic 
Da ol the use of the itropine series 1n 
cases of cardiospasm. However, as « rly 
as ISS] Szpilman and Luchsinger howed 
that the spasm produced agal stimu- 
lation resulting in contraction of smoot} 
muscle in the lower third of the « ophagus 
depre ed by atropine The striated 
mu ele I the ( ophagu ipparent] Is not 
undet itonomiec regulation and, therefore 
not iffected b atropine Wit! the recent 
establishment of Vagotomy as a frequent 
operation in duode nal uleer patient t 
probable that more information relati 
to control ot the « ophagi nm man 
ll be obtained 
Others believe that cardiospa m, pvloro 
pasn ind megacolon are re ilts of m- 
pa netic not paras) mpathet dene} ition 
and arise from the inability to relax rather 
than from spasm of the ineters It 
must be reiterated hows er, that 
ol the entire gastro-intestil | tract oO 
autonomic stimulants depends on_ the 
phy iologi state of the organ and the 
organism, and that eneral conclusiotr 
is to the reactions are dangerou 
\CTION OF THE ATROPID GROUI 
THE STOMACH The work of Bastedo 
ind hi artich alue 
atropine and belladonna in ( ach d 
orders with its accompanying ref nee 
Summarize t] is problem is of 1LO36 Here 
too much additional informati« n will b 
ained on. ial ts ontroimeg 
the trom It has 
heen tho ot in 1ROG wi t] vork of 
hakolt that er of atro- 
pine animals will le sen re- 
tion and lower the aciditt \fter 


and splanchnic nerves have been severed 


the stomach continues to function, fre 
quently with little if 
and rhythmic motility 


and the extrinsic nerve: 


any dilatation 
the retore Its tone 


intrinsic, 


may be only regulatory, thus giving a 
more deheate control. The vag ana 
splanchnic nerve are for the most part 


not motor antagonists. The general effect 


of vagal stimulation is tonic while that of 
splanchnic timulation is tonie to the 
pylorus and relaxing to the stomach wall 
But stimulation of either may result in 


increased ton en the stomach is hypo 
when thi 


these 


toni and In «ad creased tone 


tomach 1s pertonic Because 


balanced mechanism 


nerves are not a 


control of the trointestinal tract, aboli 
one does not necessarily result 1 


\tropine 


tion of 
overactl ity or thie antagonist. 
ous structures but it 


mav act on all nel 


most regular action is to render vaga 
timuh ineffect ( 

The etfect oft atropine on gastric secre 
tion is best considered in relationship t 
ol activity. Secretio! 


tire arious p! 


) 


occurring in the psychic phase was abol- 


ished by atropine in animals. 


reduce the amount of 
In the psvenu phase but does not abolis 
it In Humans It is quite possible tha 
thi ply siolog1 
basis of decreased appetite in humans to 
low ing atropine 

t| at the Intestin | phase ot gastric secre 


tion is partly mediated through the vag 


atropine reaction is. th 


There is some evidenc 


Loses ol 


secretion 


in animals and that this effect may br 
tholished by atropine (Ivy, 1935). The 
effect of atropine on the chemical phase 
Ol istric secretion has been the subj { 
of much debate Bastedo® believes that 
there Is some reduction in free and tota 
acid with section of the Vag, and Wi 

ol atropine the equivalent 
2 grains for humans, cats show a decreas 
in secretion as well as in acid and mucin 
content, but the secretion is not com- 
pletely abolished Generally, patie 5 
tend to show a decrease in the volume of 


| 
| 
= 
| 
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retion following atropine, without a 
responding decrease in acid. After a 
e of 2 mg. oft atropine sulfate (sufli- 
it to produce dryness of the mouth, 
irred vision, tachyeardia and cerebral 

pton the total volume was reduced, 

a test breakfast of alcohol produced 
normal amount of secretion. Large 
es ol atropine depressed the mucin 


ntent betore affecting the acid content, 


danverous 


effect from a standpoint ot 
er patients in whom mucin has been 


own to protect against irritation by acid. 


In summary, the enormous doses of 
opine possible in experimental animals 

reduce and even abolish the secretion 
juice. In man the maximal 


vastri 


tends to reduce the 


rapeutlt dose 


chi phase and possibly the intestinal 


r ol ga tric secretion and the reby 
uce the total secretion. It also tends 
reduce the continuous interdigestive 


retion tor periods of 2 to 3 hours. In 
chemical phase, doses large enough 
xic reaction may bring about a 
net reduction in the amount of secre- 
, though this is by no means a constant 
t, and when present is short lived. 
tropine is to be used in this manner, 
minimal dose having any effect on the 


ach is | mg. subcutaneously. Bastedo 


ders any smaller doses merely homeo- 


yman studied this problem and was 
le to show that methylatropine was 


more effective than atropine in this 


ATROPINE GROUP 
(1933) 


normal innervation of 


iE EFFECT OF THI 
HE Pytorus. Schroeder*! 


cs that the 
pyloric sphincter is tonic, rhythmic 
ition following the beginning of the 


im contraction. Stimulation by adre- 


inhibits antrum peristalsis and the 
mic activity of the sphincter, but 
es the rate of 


flow. Pilocarpine 


he reverse effect. Atropine acts like 


ilin Kphedrine as well as the Vaso- 


r and oxy tocic principles of the 


posterior pituitary lobe inhibit contrac- 
tion. Morphine causes increased antrum 
peristalsis and contraction of the sphine- 
ter. Papaverine is more effective than 
atropine or posterior pituitary in antag- 
Bastedo* 
believes that pylorospasm may be 


onizing this 


morphine effect. 


either splanchnic-vagal or psychic in 
origin, and that atropine is only effective 
in those due to increased vagal tone. 
Treatment of Hy pe rtrophu Pyloric Sten- 
OSLS, These properties have been em- 
ploved in the treatment of pylorospasm 


White!” 


1923 developed the concept that some 


and infantile pyloric stenosis. 


of these infants have a-fundamental auto- 


nomic unbalance which atropine and 
methylatropine may be used to correct. 
Others speak of these infants as being 
hypertonic. 

ATROPINE GROUP ON 


THE SMALL INTESTINE. 


EFFECTS OF THI 
Autonomic con- 
trol of the small intestine is essentially 
regulatory, and the intrinsic nerve net- 
works are of much greater importance in 
the usual physiologic state. Consequently 
there has been much contusion in the 
literature of the exact rdle played by atro- 
Roepke® (1937 
much of this arises from the 


pine. Henderson and 
feel that 
undue weight given to the work ot Mag- 
nus® (1908), who claimed that atropine 
stimulated the bowel. Examination of 
his experimental techniques revealed that 
his results are based on experiments with 
intestinal strips using concentrations of 
1:4000 in a medium which we now would 
regard as highly unphysiologic. They point 
to the work of Unger* 


(1907) who showed 
that atropine produced a decrease in tone 
and movements in a concentration of 
1:2,000,000 and_ less. 
doses long believed effective in man (1 to 


2 mg. 


Comparison with 
demonstrates that these doses 
probably lead to concentrations of 
|: 70,000,000 if the atropine is distributed 
the whole 60 kg. of 
weight, or 1:5,000,000 if the atropine is 


blood. 


throughout body 


distributed only in the Toxie 
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doses for man range around 10 mg. Even 
here the concentration will be in the range 
of 1:1,500,000. Thus the use of a 1:4000 
solution seems fantastic when attempting 
to describe the effects of therapeutic 
doses 

In human beings an excellent study by 
Klsom and Drossner(2* (1939 
confirm the opinions long held by clini- 


Clans 


In the normal duodenum, intes- 
tinal tone is high and motor activity 
great There are 2 types ot waves: (a 


large peristaltic waves occurring every | 
to 2 minutes and lasting approximately 
| minute; (b) superimposed on these are 
frequent small undulations produced by 
rhythmical contraction. Administration 
ot rto grain of atropine was followed in 
fall in 


The large peristaltic 


10 to 15 minutes by a gradual 
intraduodenal tone. 
contractions were altered simultaneously, 
often becoming more pronounced as the 
tone decreased, then gradually diminish- 
ing in size and frequency and eventually 
disappearing. The small rhythmical waves 
decreased in size, though not in frequency. 
The effect was fully developed at the end 
of 20 minutes and lasted for 1 to 2 hours, 
after which there was gradual recovery. 

The normal action of the jejunum and 
ileum consisted of small rhythmic undu- 
lations which were definitely decreased in 
and character following 


tone atropine. 


These results were obtained by means of 
the lumen of 
the gut of several human subjects. These 
results with those 

Herrin*® (1936) and White"! 
that 


a balloon inserted within 


agree reported — by 
(1923) 


gastro-enterospasm 


who 
maintain Was a 
manifestation of autonomic unbalance in 
early infancy and was corrected by ad- 
ministration of atropine. 

There have been no experimental stud- 
ies of the response of the gut in human 
beings using methylatropine other than 
those discussed in connection with pyloric 
Handovski® (1929) 
tested the effect of methylatropine nitrate, 


stenosis However, 


atropine and papaverine on isolated strips 


tended to- 


DICAL SCIENCI 


of mouse intestin He found that ap 
proximately 2 ce. of 0.2 
methylatropine hydrochloride would in 
hibit contraction, whereas approximate}, 
6 ec. of 0.33 % solution of atropine sulfate 
was required to accomplish the same effect 


23 ee. of papaverine hydrochloride (0.35 


( 


solution) would also inhibit contraction 
However, papaverine and methyl-atropine 
nitrate seem to have synergistic actions 
so that only 0.8 ec. of an equal mixture 
of 0.43% papaverine hydrochloride am 
0.007 % solution of methyl atropine hydro 
necessary to inhibit 


Lazarus®® (1940 


chloride were con 


Graham and 
that 
atropine and methyl-atropine nitrate were 


traction. 
found 


comparable ; both drugs produced reduc 
tion in tone and loss of segmental move 
the 
thetized with ether. 


ments of intestine of rabbits anes 


drugs antago 
nize the neurogenic spasm inducted by 


eserine. The minimal effective concen 


solution ot 


the spasmoly tic powers ol 


tration of both for rabbit jejunum was 


| part in 10,000,000 There is a definite 
inhibition for 2 or 3 minutes with dilution 
of 1:5000.000. 


effect on 


Both drugs were withou 


spasm produced by bariun 
chloride which is a myogenic stimulant 


The range of sensitivity of rabbit inte 


tine to these drugs was the same and de- 


pressed upper jejunum, duodenum, ileun 

and colon in that order. 
THe EFFrecT OF THE 

ON THE COLON. Doses of atropine betwee! 


ATROPINE Grol 
0.4 and 0.6 mg. decreased the tone an 


activity of the colon for 13 to 2 hour 


with gradual return to normal (Elso 
and Drossner2® 1939). Jackmann = an 
Bargen™ (1938) stated that doses 


0.0006 gm. produced definite depressing 


effects on colonic activity but had marke 
side effects which made it undesirable ft 


routine clinical use. 


Schroeder* (1933) studied the effects 
various drugs on the ileocecal valve ai 


that 
sphincter undergoes tonic rhythmic 1 


ileum. He believed normally 


laxation following the beginning of il 


\ 


THERAPEUTICS DST 


\drenalin inhibits peristalsis 
um and rhy thmic activity of the 
increases the rate otf flow. 


Pilocarpine has the reverse effect. Atro- 
ne acts in the same manner as adrenalin. 
OrHeER EFFECTS OF THE ATROPINE 
ON SmootH Muscie. Ureter. 
tropine has an antispasmodic action on 
e ureter when it is in spasm and will 


ecrease the increased tone resulting from 


Macht, 1918). No 


ports were found dealing with the effect 


orphine In man 


meth latropine on the ureter. 

Bilia Duct and Gall Bladder. The 
tropine group exerts a mild antispasmodic 

tion and Strong enough to counteract 
mtractions induced morphine. Both 
trites and xanthins were effective against 
orphine contractions (Lieb and Me- 
Whortet 1915; Macht,® 1917). 

lt is \ tions ot the atropine group 


re of little demonstrable effect on uterine 
ontractions, despite its wide use clinically 
dysmenorrhea (Novak,™ 1915). They 


re, howe er, able to counteract such 


fects as are produced by acetylcholine 
| 11 det atives. 
(rina Slaudder. The atropine group 


a ce pre ssive effect on the detruseus 
cle, « pecially when it is hypertonic 
Edmunds and Roth, 1920). MacCal- 
im’ 1906 reported that atropine had 
tle effect on urine flow in rabbits but 
ntagonized the depressant effect of pilo- 
rping See also Featherstone, R. M., 
id White, N. G., J. 
84. 105, 1945. 
Th iff Sweat Glands. What long 


emed a paradoxical action of the atro- 


Pharm. and Exp. 


ne group in inhibiting sweating (glands 


iown to be supplied by sympathetic 


rves) was cleared up with the discovery 
Dale and Feldberg that acetylcholine 
released by these nerve-endings, not- 


thstanding their anatomic relationships. 
we studied the effect of atropine in 


ibiting sweating and found that atro- 
he wa capable of reducing the weight 


of infants due to insensible perspira- 


tion 22%, as measured with a Sauter 
balance. Methylatropine is believed to 
have equivalent effect. 

Effect on thi Body mperature. 


small doses of atropine frequently pro- 


Even 


without other evidence of 
toxicity. White! (1929) studied this 
phenomenon and stated that at least 10% 
of the infants would develop fever of 
38° or therapeutic 
There has been much 


duce fever 


more given 
doses of atropine. 
argument as to whether or not this is due 
to the depression of sweating, to increased 
restlessness or to a direct stimulation of 
a heat-regulating center in the central 
nervous system. It has been adequately 
demonstrated that the hypothalamus is 
intimately concerned with the mechanism 
of heat production and heat loss, and that 
the control can be influenced by drugs 
(Masserman,®® 1937, studying antipyretic 
drugs). Anterior hypothalamus lesions 
result in hyperthermia. 

Use of methylatropine clinically in hy- 
pertrophic pyloric stenosis has produced 
similar results. This probably should 
not be considered a toxic reaction and is 
not considered a contraindication for 
either drug. 

ACTION OF THI 
THE SYMPATHETIC 


ATROPINE GROUP ON 
System. Bussell!'¢ 
(1940) reviews the rdle of atropine in rela- 
tion to adrenalin and the sympathetic 
He cites the work of Meyer®? 
(1906) who discovered that strips of ox 


system. 


carotid in Ringer’s solution show no spon- 
taneous rhythm, but that the addition of 
6 ug. of adrenalin would cause large con- 
tractions which were in turn decreased by 
half if 1.5 mg. of atropine were added 
along with the adrenalin. Bussell was 
able to demonstrate that this antagonism 
held in perfusion of the dog’s leg, the 
rabbit’s ear, the nictitating membrane of 
the cat’s eye, and the blood pressure of 
spinal cats. Atropine also caused dilata- 
tion of the spleen, of the small intestine 
and a fall in blood pressure in cats anes- 


thetized with ether: all sympathetic medi- 


( 
ul 

| 
er 

r 


5SS PROGRESS OF M 
ated iCTIONs. Hyoscine showed no similar 
The work of 


1925) indicates that methyl- 


antagonism to adrenalin. 
Bergengren 
atropine also possesses the ability to an- 
tagonize the effect of adrenalin on blood- 
vessels. Atropine has been shown to 
cause a partial paralysis of the cervical 
sympathetics in the rabbit’s ear perfusion 
experiment and of the cervical and tho- 
racic sympathetic studies on cats. 
There is no similar antagonism between 
atropine and posterior pituitary extract. 
These actions of the atropine series on 
the sympathetic system are not too sur- 
prising, in view of its close chemical rela- 
tionship to cocaine which is a sympathetic 
blocking agent. 

MIscELLANEOUS EFFECTS OF THE ATRO- 
PINE Group. These drugs are reported to 
have some local analgesic effects similar 
to those of cocaine. Edsall and Means”*4 

1914 that the 


rate and the respiratory quotient are not 


report basal metabolic 


affected by these drugs. The figures of 
Nyman on oxygen consumption incidental 
to his studies on minute volume would 
tend to bear out this contention. Atropine 
as such does not affect the blood sugar 
level The consensus seems to be that 
these drugs do not affect milk secretion 
but that a portion of the drug is excreted 
a the mammary gland in animals and 
been 
that 
Leukocy tosis has 


women. It has 
Magaard' 


decreased 


reported by 
lacrimation is 
been re- 
The 


mammals are not 


ported in children after atropine. 
voluntary muscles of 
affected in concentrations that have been 
tested to date. 

Bopity MECHANISMS FOR 


ATROPINE IN VARIOUS SPECIES. 


HANDLING 
Atropine 
is absorbed rapidly from the gastro-intes- 
tinal tract and also disappears from the 
while. 
Approximately one-third of the ingested 


dose may be 


peripheral blood within a short 
recovered in urine 
14 hours afterwards. In man the balance 
is probably destroyed by hydrolysis to 
tropine and 


tropic acid in the liver. 


“animal 


SCIENCI 


Traces are detectable in other secretions 
including milk and sweat. These drugs 
readily cross the placental barrier. 

Some animals possess enzymes capable 
of hydrolyzing atropine in the serum, 
brain, kidney and possibly other tissues 
in addition to the liver. The rabbit, an 
which is able to eat belladonna 
leaves without evidence of toxicity and 
is extremely resistant to atropine poison- 
ing, has a high concentration of atropine 


“esterase in its serum. Comparative stud- 


Auman serum was also inactive. 


ies of various tissues by Bernheim and 
Bernheim® (1938 


esterase activity in the rabbit 


demonstrated atropine 
liver and 
serum; guinea pig liver also hydrolyzed 
The 


livers of the cat, rat and dog were able to 


atropine and homatropine rapidly. 
hydrolyze these drugs slowly. There was 
no such activity in the kidney, brain or 
serum of the cat, rat, dog or guinea pig. 
This 
enzyme is not identical with choline ester- 
ase or the esterase of simple acids such 
as acetate. Ethylmandalate is hydrolyzed 
by tissues which do not hydrolyze homa- 
tropine. In all tissues tested homatropine 
was destroyed more rapidly than atropine. 
(This problem is discussed in detail by 
Bernheim,® 1942. 

The 


atropine 


Pilcher”? (1934) on 
infants and the 


studies of 

tolerance in 
studies of Schlossmann™ (1937) on the 
relationship between age and the action 
of atropine do not establish this effect as 
directly attributable to differences in the 
esterases. Schlossmann comments upon 
the fact that infants generally show fewer 
central nervous system symptoms, more 
marked narcotic effect and unexplainable 
variations in resistance to these drugs. 
There seems to be no clinical basis for 
such differences. Lindberg®® (1925) de- 
scribes his experiences with the action of 
atropine in 100 infants. One infant was 
given a dose of 6 mg. without harm at 
There were strong 
infants 
and the production of fever even in small 


the age of 8 months. 
vasomotor reactions in healthy 
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loses. Definite tranquilization pro- 
luced by atropine in nervous infants. 
Experimentally, rabbits of different 
iges were injected with atropine sulfate 
ntraperitoneally. The LD50 for rabbits 
inder | month of age was 0.225 gm. per kg. 
body weight; that for rabbits over 1 month 
of age was 0.35 gm. per kg. Rabbits of 
lifferent ages showed different effects from 
poisoning. Thus, in the Ist week of life 
their response to toxic doses was central 
nervous system paralysis. From the 2nd 
to 4th week in life, clonic and tonic con- 
ulsions were the prominent symptoms 
with poisoning. Thus, in the first week of 


life their response to toxic doses was cen- 
From the 
econd to fourth week in life, clonie and 


tral nervous system paralysis. 
tonic convulsions were the prominent 
Vmptoms with poisoning. Older rabbits 
howed an increase in heart rate and re- 
piratory rate followed by respiratory 
paralysis 

THe oF METHYLATROPINE. 
\s might be expected, the toxic reactions 
to methylatropine nitrate (eumydrin, me- 
tropine are similar in type to those of 
itropine from which it is derived. Re- 
ports both as to its clinical and its experi- 
nental toxicity vary. For example, it 
as been quoted and requoted in the 
terature that eumydrin is one-fiftieth as 
toxic as atropine (see Sollman, Manual of 
Pharmacology, 1942), apparently on the 
asis of Brown and Frazer’s work,'® in 
869, which was on methylatropine iodide 
not nitrate) and on unpublished experi- 
nents done by Paul Drucker of Rigs- 
ospital, Copenhagen, Denmark, in 1927. 
sener® (1926) quotes Dresser without 
eference as follows: Lethal dose of atro- 
ine 0.1 mg. per kg. in adults; 0.01 mg. 
er kg. for children; in animals (species 
ot specified) eumydrin was lethal in doses 
Kostin (also cited 
ithout reference) says that 0.15 gm. per 


f 0.1 gm. per kg. 


g. of eumydrin produced death without 
onvulsion (differing from atropine) by 
aralysis (similar to curare) in rabbits. 


Experiments by Graham and Lazarus** 


(1940) indicate, on the basis of intraperi- 
toneal injections of white mice, that 
eumydrin is 3 times as toxic as atropine. 
The LD50 of methylatropine nitrate is 
0.11 gm. per kg. body weight, while the 
LD50 of atropine is 0.32 gm. per kg. 
body weight. They quote Willberg’s 
figure’ (1914) for atropine in the mouse, 
LD50 of 0.3 to 0.4 gm. per kg. body 
weight, as tending to confirm their result. 
Fromherz® (1937) gives the following re- 
sults for atropine: lethal doses of atropine 
in gm. per kg. body weight for the mouse, 
subcutaneously 0.55 gm., intravenously 
0.07 gm., orally 0.4 gm.; for the frog, 
subcutaneously 1.25 gm.; for the rabbit, 
subcutaneously 0.5 gm., intravenously 
0.05; for the cat, subcutaneously 0.13 gm. 
He compares and comments on the varia- 
bility of toxicity in various species, par- 
ticularly the resistance of rodents to 
In man, atropine kills by its 
effect on the central nervous system and 


atropine. 


is 100 to 500 times as toxic as it is in 
rodents. 

Dyson* (1928) argues that the effective- 
ness of eumydrin is due to the fact that 
as a dimethyl quarternary ammonium salt, 
it diverts the action from the rest of the 
nervous system to the peripheral nerve 
endings. This may partly explain the 
divergent opinion of the toxicity of this 
drug. Studies of Ing, Dawes and Wajada*® 
(1945) on the relative potency per mole- 
cule in mydriatics showed eumydrin to 
be 2.22 times as active as atropine in 
producing mydriasis in the mouse after 
intraperitoneal injection, but only 3 to 
1 time as effective when applied locally 
to the cat’s eye. This difference in 
mydriatic activity is of the same magni- 
tude as the difference in toxicity of the 
2 drugs for the. mouse as described by 
Graham and Lazarus**® (1940). Death 
from eumydrin in the Graham experi- 
ments was by general paresis and respira- 
tory failure following an initial increase 
in respiratory rate. No convulsions were 
observed. 


I 
S 
nh 
n 
is 
il 
ts 
ill 


O90 PROGRESS OF MEDICAL SCIENCI 


Ing et al argue that the effect of these 


alkaloid de] nds on the method of ad- 


ministration They drew the conclusion 
that the quarternary methyl salts of the 
alkaloids (eumydrin) are more active than 


corresponding tertiary bases (atropine 


yut that onium salts penetrate all mem- 
branes more slowly than tertiary bases, 
which exist not only as salt cations but 
The effect of age, the 


also as free base. 
role of neutralizing agents in the serum, 
and optical isomerism (eumydrin is race- 
mii have not been specifically studied 
as they have been for atropine (Pilcher, 
1934; Schlossman,*® 1937; Cushny,'> 1920; 
and others 


( lini ally 


been given to infants with hypertrophi 


methy latropine nitrate has 


pylori stenosis over periods ot wee ks 


with only occasional tonic reactions. 
Lindberg’ s' 1925) studies on the elimina- 
tion of atropine probably should hold 
fairly well for eumydrin. Most of the 
drug is eliminated in the urine, and the 
state of | ydration, or rather dehydration, 
wa i factor in practically all toxie reac- 
tions reported. ‘One death with hyper- 
pyrexia Was reported by Friedlander 
1934) and was attributed to idiosyncrasy. 
Monrad 1928), using a relatively large 
dose of 3.5 mg. per day, had 9 toxic reac- 
tions in 64 cases, consisting of nystagmus, 
dilated pupils, fever, flushing, restlessness, 
Wallgren?® 1940) de- 


scribed a flushing of the face as a reliable 


and convulsions.’ 


sign of early toxicity when using alcohol 
eumvdrin applied to the tongue. Mac- 
kay™ (1941) felt that abdominal disten- 
tion was an important toxic sign and 
Fifteen of her 
40 cases showed mild reactions with doses 


should be watched for. 


under 3 mg. per day. Reactions consisted 
of slight fever, rapid pulse, increased 
respiration rate, dryness of the mouth, 
bright red flush and dilated pupils. 
Vertue“ (1939 reported no toxic symp- 
toms 1n 21 cases, using doses of 1.25 mg. 
per day for 11 weeks. One of Dobbs”! 
1939) 20 cases showed flushing when 


vetting | ny pel da Braithwaite 
1938) and Findla 1938) diseuss 27 
Cases without idence ol toxicity in 


dosages of about 3.0 mg. pe r day. Svens- 
vuard 1935) re ports only a few transient 
reactions as ¢ lenced by clear flaming 
red and fever of 38 while 
treating Ol ca with an average dose of 
1.75 mg. per day of eumydrin All reac 


tions, except the death reported by 
Friedkinder 1934), were transient and 
cleared up when drug was omitted for a 
short time. 
RELATION OF DosaGe TO ACYIVITY 
What then are effective doses of atropine 
ilenderson 1923) gives some pertinent 
information on point. He studied 


the sensitivity of various nerve endings 


] 


to atropine and found that the endings 


response) of the bulbosacral autonom! 
outhow are rendered ineffective th 
followin or le r cardiac Vagus, chor Ja 


secretor, chorda asodilators, intestinal 
Vagus and bladde . They are depressed 
in the following order in a 10 kg. dog 
ssed the chorda secretot 
from 15 to 10 drops of saliva 2) 0.2 mg 
ren ler d the card ac Vagus less effective 
and 0.5 mg. eliminated vagus ac tl\ ity wit} 


a consequent increase in heart rate. 3 
0.1 to 0.2 mg. caused a distinct decreas 
in the tone of the pylorus and small intes- 
tine. 1) 0.2 mg. caused a decrease in 
bla Ider tone while 0.3 eliminated bladdet 
dilated 


was still reactive to light 


tone due to vagus ») OB mg. 


the p ipil but it 


and convergence; maximum. dilatation 


was secured with 0.6 mg 6) 0.7 mg 
caused a slight decrease in blood flow 
from the salin ary gland on chorda stimu 
lation as compared with before atropine 
7) With 30 mg... vagus stimulation pro 
duced little if any increase in the rhythmic 
movements of the small intestine while 
peristalsis was slight or absent. (8) Doses 
of 100 mg. caused no decrease in the iso 
tonic or isometric contractions of | the 


bladder on sacral stimulation 


Doses of atropine ina 65 kg. man pro 
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ied the following effects: 0.2 mg. 
ised a decrease in nasal secretion: 
} mg. caused dryness of the mouth and 
lieved griping from constipation; the 
ipil was not affected. A dose of 2 mg. 


used an increase in heart rate to 150 


nd dilatation of the pupil. Methyl- 
tropine is described as having equivalent 
( riphe ral effects or possibly stronger 


irare-like activity than atropine. Yet 


with any arug, the effective dose is the 


se necessar) to produce the desired 


1 These drugs can only 
nerease the normal activities 
ariou susceptible cells. The clinical 
pression of a great variability in the 
ponse that various individuals show to 
amply confirmed in the 


de variability found in the laboratory 


the pharmacologists. 


Summary. 1. The chemical structure, 
armacologic actions, toxicity and thera- 
eutic uses of atropine, methyl atropine 
trate and related compounds are dis- 
issed. 


2. The most marked difference between 
ie 2 first-named compounds is in their 


central nervous system. 


\tropine produces marked psychic side 


Tects 


ven in the usual therapeutic range 
dosages whereas methyl atropine does 
rT Death from atropine is preceded by 


mvulsions. Death from methyl atropine 


due to paralysis and failure of respiration 
thout convulsions. 

The peripheral actions of the 2 com- 
inds are apparently similar, but the 


responses vary with the route of adminis- 
tration. Methylatropine has the weaker 
action in equivalent doses when applied 
topically as in ophthalmic use. Appar- 
ently, oral potency is approximately equal, 
although state that 
atropine is 3 or 4 times stronger. 


some investigators 
Paren- 
terally methylatropine is probably some- 
what stronger than atropine. 

+. The essential action of both com- 
pounds is antivagal and they apparently 
prevent effector cells from reacting to 
acetylcholine. 

5. The 
some detail in relation to each system of 
the bo ly as 


compounds are discussed 


follows: eve, respirators 
tract, heart, salivary gland, esophagus, 
small intestine, colon, 
duct 
bladder, uterus, urinary bladder, sweat 


stomach, ps lorus, 


smooth muscle, biliary tract, gall 
glands, and sympathetic nervous system. 

6. The animal body probably detoxifies 
these compounds by hydrolysis to tropine 
and tropic acid. The existence of atropine 
confirmed in 
This 
unable to act on methylatropine. 

7. It has repeated that 
methylatropine is only one-fiftieth as toxic 


esterases has been many 


animal tissues. enzyme may be 


long been 


as atropine. By intraperitoneal injection 
recent experimental evidence shows it to 
be 3 times as toxic for white mice as is 
atropine. 

8. The principal clinical use to date of 
methylatropine has been in hypertrophic 
pyloric stenosis and in infantile pyloric 


spasms. 
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popaATHOLOGIC TrcHnic. By R. D. been soundly and keenly attacked from all 
ILLIE, M.D., Medical Director, U. 8. angles: the results obtained—unbiased and 
iblic Health Service. Pp. 300. Phila.: objective statistics —are very instructive and 
Blakiston, 1948. Price, $4.75. occasionally revelational. I. Z. 
His book should prove of value to all 

are concerned with the preparation of 

ie sections The author admittedly 


THe ParHoLocy or Traumatic INjury. A 
GENERAL Review. By JAMEs V. WILSON, 
M.D., M.R.C.P. (Lond.), Pathologist to 


not attempt to present an encyclopedia 
tissue technique, but rather is concerned 


what in his opinion are the best meth- rs ' 

TI Harrogate and District General and Royal 
or each particular purpose. » Hor ‘ 
Bath Hosps., D.A.D.P., Malta Command, 

1940-1943. Pp. 192; 61 ills. Balt. and 
rious histologie strue ‘eS are or 
London: Williams & Wilkins, 1946. Price, 
ther. In addition to the standard pro- $6 00 
Dv. 
ires given in most other books on the BIS ; . 
ect, there are excellent chapters on the luis small volume is based on the author’s 


experience with the Royal Army Medical 
Corps in the Second World War. Intended 
as a general review, it aims to “mention 


ning of enzvmes and pigments. These 
many other special techniques, which 
requently neglected in laboratory manu- 


ire readily available in this book progress and at the same time outline diffi- 
1 oR culties and problems awaiting urgent solu- 


tion, to deal with essentials rather than give 

a mass of irrelevant facts.” 
s 4L BEHAVIOR IN THE HuMAN MALE. 
ALFRED C. KINSEY, Prof. of Zoology, 
VARDELL B. Pomeroy, Research Assoc., 
id CrypE E. Martin, Research Assoc., 
ndiana Univ. Pp. 804. Phila.: W. B. 


iunders, 1948 Price, $6.50. 


Though written abroad, under difficulties, 
and drawing its material chiefly from the 
traumata incident to modern war, the book 
for the most part achieves its goals. Best 
covered are the effects of blast, the redis- 
covered “crush syndrome”’ and the increas- 


HIS book is one of the most important — ingly recognized embolism of fat. There is a 

nt contributions to the study and chapter on burns, but effects of war gases 

lerstanding of the fundamental biologic — and atomic weapons are not considered. A 

lem of sex in man. Sexual histories of modest number of references up to 1946 
1300 males have been thoroughly analyzed, serve as a basis for modern ideas. 

ire objectively and statistically evalu- The predominantly surgical viewpoint, 


ited. This male group represents a very . . . 
Ph le group represents & very with many pages of advice on diagnosis and 


treatment, is distracting in a book with this 
title. The surgeon’s inferences on therapy 
may be quite different from those of the 
pathologist, who is not responsible for the 
care of injured patients. It is hoped this 


1 hi point will be given consideration in a later 
bt g an adequate sexu: story ve 
alning an adequate sexual history. edition. Cc. B. 


Variations in sexual activity with social and - 
itional classes, age and religious back- 
nd are correlated and explained. Prac- NucLeic AcID. SYMPOSIA OF THE SOCIETY 


juate cross-section of our male popula- 

as it includes large numbers from 

early all educational and social levels. The 
t includes brief reviews of results of other 
ers in this field, a study of the statisti- 
methods used, and techniques involved 


ly all possible sources of sexual outlet FOR EXPERIMENTAL BioLtocy. No. I. 
re considered with respect to incidence in Edited by J. F. Dante and R. Brown. 
ious groups, techniques and social im- Pp. 290; 18 ills. Cambridge, at the Uni- 

tions. versity Press: New York: Macmillan, 1947. 


e problem of male sexual behavior has Price, $8.50. 
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tis book IS A collection of papers read at 
posium in Julv, 1946 The various 
nental approaches to the st id a) 


¢ acids are considered and evaluated 
as Danielli, Cas- 


Brachet, Darlington, Gulland. and 


workers 


otners 


The biochemic al structure and 


das OF synthesis of nuecleis acids and 
purine derivatives are thoroughh re 

Phe Varlous histochemical tec] 


ised 
cle SC] hed and eriticized l! detai 


otl el 


for the identification of nuclei 
studies of 


ssue 


the relationship of 


netabolism to nerve functio) 


ray 
and effects, and the of 
protein the cell | icleus Most 


ipers treat comprehensively one or 


ispects of nucleoprotein study and 


Knowledge of nucleo- 


text ZL. 


cetient 


NOSE, 
LINCOLN BALLENGER. 


Prot 


F THI THROAT AND Ear. 
M.D., F 


Univ. of Illinois School of 


ne, and Howarp Cuarves 
B.S M.D., F A.C.S., Assos Prof. of 
ngology, Northwestern Uni, School 
Medicine Assisted by Joun JACOB 
ENGER, B.S., M.D Ith ed Pp 993 


lls.: 16 plates Phila.: Le 
Price, 


} 


itest revision of this standard work 
+ 


text and illustrations up to date. 


Febiger, 
$12.50. 


pters dealing with headache. ney 
the tace and head. and rhinoplasti: 
| ive | added. 


been Authoritative re- 
section on bronchos« opy, laryn- 


hagoscopy and gastroscopy have 
d out by Gabriel Tucker and C. L. 
those on the physiology and 
nal tests of the labvrinth and inflam- 


iseases of the labyrinth were con- 
by Alfred 


Ing the 


D 


Lewy 
entire field of otolaryngolo- 


00k employs the orthodox method 


lng ich disse iSé hy 


first presenting 


mental anatomical. physiological] 
considerations, and then 


ng etiology, symptoms, diagnosis and 


ithol gi al 


therapeutic Suggestions are 


hich meet the acid tests of time and 


The authors have appreciated the 
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instruction valu { illustrating the in 

mentari tor is sul | procedure 
Controver subjects bye eh avoid 

\ frank discussion of i tew of thes 

as the present role of vil in therapy in ¢ 

larvngology ! ht have een profitably 

troduced as le to students and gene 


hers Most ol thie bibliograph 


references are ranged at the foot of 
page so as to be re idily a cessible The \ 
ot a reteren lume of thi scope ind m 
nitude, however, would be enhanced bi 
] ] 
wore COMple ( 
This work comprehensive and 
dense continues to Lye le in its fe 
ind invaluable t the medical student, 
general practitioner and the otolargyng 
vist 


Leap ELECTROCARDIOGRAPHY 


EMANUEL ERGER, B.S., M.D., Clin 
Lecturer in Medicine, Columbia Universit 
Faculty { Medicine Pp. 182; 88 
Phila.: Lea & Febiger, 1947 Price, $4 
This monogi ph is the result of sev 
vears study to determine the practicabi 
4% routine clinical use of unipolar leads 
the correlation of unipolar extremity lk 


precordial leads and the standard | ads. ‘I 


iuthor is well qualified by training and ex 


rience to present this subject. The appro 
to the inte rpretation of the lectrocardiog1 
is made in terms of basic unipolar lead 
terns, rather than standard limb | ad patte 
iS is the rule in most texts 

The theoretic il considerations of the cl 
cal use of unipolar leads are based lar 
n the Einthoven triangle theory. The aut 


] 


1dvocates the routine uss I 
cordial leads, 3 unipolar extremity leads 
‘augmented 
the 
placed on the var 


unipolar extremity leads). 


usual limb leads. Special emphasi 


iations in the unipolar 


limb le ids w! 
occur with changes in position of the he 
The author believes that the use of 


tremity leads and standard 


unip 
the 


interpretation of 
de viation; the diagnosis ot O 


leads is of particular advantage in 
lowing conditions: Thi 
Wave abi 
differ 
pulmonary embolism and poste 
intarction: the 


malities, especially O3 waves: the 


tiation of 


mult 
ircts; the differentiation of bundle br 
block: the diagnosis of right ventricle hy 
and the interpretation of abnon 
ties of the RS-T si 


diagnosis ot small Or 


trophy, 
gments and T waves 


Evidence is offered in support of the 


6 unipolar pi 


rran 


i 
) 
— | 
er 
\ 
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y the ind the illustrations are ade- 
ind clear. (Incidentally, an error was 


orrelation of the text with Figure 


B The theoretical aspects of the subject 
e presented in a manner that can be grasped 

the average physician. Some of the inter- 
etations of patterns obtained from ventricu- 


hypertrophy with variations in the position 


d rotati of the heart may be questioned 
her authorities. The last word has not 
en spe Th phases of the subject, 
one 1 t agree with the author when 
says “the significance of many electrocar- 
raphic changes is still obscure, even in the 
lar lea Phe monograph is a distinct 
ntribution to the field of electrocardiography 
id sh 1 be read with interest and_ profit 
ill cardiologists and internists. a, Ws 
TRI MENT OF THE Eye. By ELtAs 
Setincer, M.D., Attending Ophthalmolo- 


t, Mount Sinai, Cook County and Michael 


Ree H Pp. 542; 67 ills. Chicago: 
Year Book Publishers, 1947. Price, $7.75. 
Chis book is a very practical handbook of 
itment intended for practicing opthalmolo- 
ts. There excellent sections on the gen- 
! aspects of chemotherapy, errors of re- 
ictiol ind the usual diseases of the eye 
nd it ! It is pleasing to see that where 
idern tre vent effectively replaced 
ler procedures this book recognizes the fact 
omittir them. The illustrations are ex- 
nt F. A. 


Docror’s Lire. Collected and 
Arrar Georce Rosen, M.D., and 
Beate Caspari-Rosen, M.D. Pp. 429. 
New York: Henry Schuman, 1947. Price, 


The authors have achieved an interesting 
periment in biographical montage. For this 
thology of the arc and the stations of the 
hysician’s existence, they drew on “more 
in eighty personalities (four of them wom- 
who have made significant contributions 

the literature of medical autobiography.” 
The rganization of the text is unique. 
ler a dozen such headings as Early Years; 
Scholar; Teacher; The Doctor as 
ent; The Doctor Goes to War; Writing 
Polit t iuthors collate from several 
tl nt I what each of the personali- 
d written on the particular score. This 
rangement affords us the memories of their 
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early years, as reported by such divergent au- 
thors as Daniel Drake, Havelock Ellis and 
Santiago Ramon y Cajal, and the reflections 
on life and death of the 21 year old Virchow, 
the despairing Horace Wells, the life-wise 
Walter Cannon, and the stoical Hans Zins- 
ser. 

The effect of such collations is at times 
puzzling and provocative, but always interest- 
ing. The one conviction that emerges is that 
there is no medical prototype, no “homo 
medicus.” Physicians differ in origins, in con- 
stitutional and personality types, in experi- 
ences, and in all else, as widely and as ardi- 
cally as do all men in all things. Save perhaps 
tor their devotion to their profession, there 
is no distinguishing common denominator 
among doctors. The sum of the personal ex- 
periences of the “« ighty personalities” ab- 
stracted in the Rosen anthology does not, to 
this reviewer's mind, yield a “composite auto 
biography of The Doctor”. 

But the Rosen anthology vields more real 
and more valuable assets. It provides good 
reading, both in the biographic al notes which 
precede each citation, and in the citations 
selected. It provides good sampling, to in- 
form and to sharpen one’s interest in distin- 
guished men and women who have served 
in the most humane and compassionate of 
professions. It is a fine volume for random 
reading, and a fine guide to the best in medi- 
cal autobiography. I. G. 


BLoop Derivatives AND SusstiruTes. By 
Cuartes STANLEY M.D., Sce.D., 
Former Prof. of Surgery, George Washing- 
ton Univ. School of Medicine, and ]Acos Jo- 
sepH WetNsTEIN, B.S., M.D., Assoc. in Sur- 
gery. Pp. 484; 190 ills. Balt.: Williams & 
Wilkins, 1947. Price, $7.50. 

Tue title of this book of 15 chapters amply 
summarizes the scope of the contents. Fol- 
lowing an introductory historical chapter, 
some aspects of the chemistry and physiology 
of plasma are presented, with much of the 
space given to commonly employed laboratory 
methods. Chapters dealing with preparation, 
storage and administration of plasma, plasma 
fractions and by-products, whole blood and 
substitutes, are complete in details and gen- 
erously illustrated. The last third of the 
book deals with the etiology and treatment of 
shock, and the results of plasma_ therapy. 
Throughout the book points of clinical inter- 
est are usually illustrated with case reports. 

Most of the facts required for operating a 


I 
| 
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blood and plasma bank and the principles nec- 
essary for their intelligent use are to be found. 
One questions, however, the need for including 
laboratory procedures which may be found in 
iny book of laboratory technique. A serious 
ce riciency 1s the nce of an ade quate treat- 
ment of blood groups and the Rh_ factor. 
Under the 


reports on the apparent transmission of jaun- 


heading ot “Intectious Jaundice’ 


dice by blood or plasma are cited p. 463), 
but the importance of homologous serum 
jaundice has apparently escaped the authors 
since they do not discuss the desirability of 


using unpooled plasma. R. N. 


INFANT NuTRriTION. By P.C. Jeans, A.B., M.D., 
Prof. of Pediatrics, Colle ge of Medicine, 
State Univ. of lowa, and McKins, 
Marriott, B.S., M.D., Late Prof. of Ped- 
iatrics, Washington Univ. School of Medi- 
ime ith ed Pp 195: 36 ills. St. Louis 
C. M. Mosby, 1947. Price, $6.50 
THis text contains in very readable form 
a good combination of fundamental nutrition- 
al information together with many practical 
points for the application of such information 
rhe facts have been brought up to date and 
ire presented in a thoroughly sound and ef- 


fective E. 


INTERNAL MEDICINE IN GENERAL PRACTICE. By 
Rospert Pratr McComps, B.S., M.D., F.A. 
C.P., Asst. Prof. of Medicine, Tufts College 
Medical School, ete. 2nd ed Pp. 741; 122 
ills. Phila., and London: W. B. Saunders, 
1947. Price, $8.00. 


fue author has attempted to present a short, 
practical book on internal medicine for the 
general practitioner, stressing particularly 
methods of diagnosis. This edition contains 
much useful information in the form of tables 
of differential diagnosis and indications for 
and techniques of important diagnostic aids. 
It is up to date and embodies a thorough and 
thoughtful approach to the problems of in- 
ternal niedicine. Many practical hints are 
scattered throughout. The arrangement of the 
material is good and the amount of space 
allotted to the various diseases corresponds 
more nearly to their incidence in practice 
than in the usual text book of medicine. 

Turning to shortcomings, in a few instances, 
such as the use of digitalis in congestive heart 
failure, the 


drug are not specific enough. In some diseases, 


methods of administration of a 
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such as ulcerative colitis and glomerulone 
phritis, not enough information as to the 
clinical course is given to permit intelligent 
management. 

revised book 


In general, however, this 


should prove a ust ful addition to the library 
of the 
whom it was intended. It also has much t 
t as a book for the fourth year 


medical student or intern. A. R. 


practitioner of general medicine for 


recom nd 


oF PsycHtATRY. By WILLIAM OVER- 
HOLSER, M.D., Prof. of Psychiatry, George 
Washington Univ., and Wryirrep V. Ricu 
MoNnD, M.D., Late Chief, Department of 
Psvchology, St. Elizabeth’s Hosp. Pp. 252 
Phila.: ]. B. Lippincott, 1947. Price, $4.00 


PsycHoLocy and psychiatry are interwo 
ven in this book in a refreshing and _ sincer« 
manner. The authors have put the various 
types of human behavior and motive into 
terms comprehensible by the average collegs 
student, meanwhile accomplishing a_hithert 
1 nattempte d correlation of the several “school 
of thought 


general medicine 


of psychiatry with psychology, 
and allied sciences. 

The chief source of clinical material was 
St. Elizabeth's Hospital, which has actively 
treated patients from all of the United States 
and_ its possessions This wealth of clinical 
material comes into the text in the form of 
abstracts of case histories, skillfully prepared 
and selected. 

While the book as a whole is outstanding 
the chapte rs dealing with the modern mental 
hospital, mental aberrations of war, forensic 
psychiatry, child psychiatry and “psychiatry 
and the layman” are especially recommended 
The fourth chapter, dealing with mental de- 
ticiency, despite contusing use ot terminology 
is unparalleled in similar texts. 

rhe authors acknowledge that crusading lay 
example of Dorothea 
Lynch Dix, to whom this book is dedicated, 
were largely responsible for and should be 
credited with much of the early advances 
in the field of psychiatry. They hope that “in 
the campaign for the development of better 
human beings, for raising the level of our 


men, following the 


human resources” psychiatrists may depend 
upon the backing of a body of informed pub- 
lic opinion, without which psychiatrists would 
be “as helpless as a general without a1 


army.’ 


There is an excellent bibliography. 


E. B. 
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NEW BOOKS 


The Sulfonamides and Allied Compounds. By 
H. Norruey, Px.D., American 
Chemical Monograph Series. Pp. 660. 
New York: Reinhold, 1948. Price, $12.50. 


Occupational Medicine and Industrial Hy- 


gient By RurHerrorp T. JOHNSTONE, 
M.D., Consultant in Industrial Health, 
Lecturer, Univ. of California. Pp. 604; 
117 ills., 7 in color. St. Louis: C. V. 
Mosby, 1948. Price, $10.00. 


Tuberculosis. By Francis MARION POTTEN- 
GER, M.D., F.A.C.P., Emeritus Prof. of 
Medicine, Univ. of Southern California. 
Pp. 598; 105 ills. St. Louis: C. V. Mosby, 
1948. Price, $12.00. 


Brief Psychotherapy. By BERTRAND 5. 
FROHMAN, M.D., with the collaboration of 
EVELYN P. FrouMAN. Foreword by WaL- 
rER C. AtvarEz, M.D. Pp. 265. Phila.: 
Lea & Febiger, 1948. Price, $4.00. 


Proteins and Amino Acids in Nutrition. 
Edited by MELVILLE Sanyun, M.A., 
Pu.D. Pp. 566. New York: Reinhold, 


1948. Price, $7.50. 


he Rh Factor in the Clinic and the Labora- 
tory. Edited by JosepH M. Hinz, M.D. 
and DameEsHEK, M.D., Special, 


Issue No. 2 of Blood, The Journal of 


- Hematology. Pp. 192. New York: Grune 
& Stratton, 1948. Price, $4.25. 


Deep Analysis. By CHarues Bere, M.D. 
LonD.), D.P.M., Fellow of the British 
’sychological Association. Pp. 254. New 


Ps) 
York: W “ VW Norton, 1947. Price, $3.50. 


itlas of Bacteriology. By R. Cranston Low, 
M.D., F.R.C.P.E., F.R.S.E. (Eprn.), and 
T. C. Dopps, F. I. M. L. T. 168 ills., 167 
in color. Balt.: Williams & Wilkins, 1947. 


Price. S850 


ardiopatias Congenitas de la Infancia. By 
Dr. AGUSTIN CASTELLANOS Y GONZALEZ. 
Pp. 406; 20 ills. Havana, Cuba: M. V. 
Fresneda, 1948. Price, $9.00. 


Yiabetes Mellitus in General Practice. By 
ARTHUR R. CoLWELL, M.D., Assoc. Prof. 
of Medicine, Northwestern Univ. Pp. 350. 
Chicago: The Year Book Publishers, 1947. 


Pr OF 
| rice, $0.20. 


Diseases of the Joints and Rheumatism. By 
KENNETH Stone, D.M. (Oxon.), M.R.C.P 
Pp. 362; 58 ills. New York: Grune & 
Stratton, 1947. Price, $6.50. 


Experimental Air-borne Infection. By THEo- 
poR Rosesury, with the co-authorship 
of the Staff of the Laboratories of Camp 
Detrick, Md. Pp. 222; 40 figs. Balt.: 
Williams & Wilkins, 1947. Price, $4.00. 


Applied Medical Bacteriology. By Max 8. 
MaRSHALL, Pu.D., with the collaboration 
of JANET B. Gunnison, M.A., ALFRED S. 
Lazarus, Pu.D., L. Morrt- 
son, M.A., and Marian C, Suevky, A.B., 
Medical Center of the Univ. of California. 
Pp. 340; 8 ills. Phila.: Lea & Febiger, 
1947. Price, $4.50. 


The Pathology of Nutritional Disease. By 
Ricuarp H. Fouuts, Jr., M.D., Assoc. 
Prof. of Pathology, Duke Univ. School of 
Medicine. Pp. 291; 71 ills. Springfield, 
Ill.: Charles C Thomas, 1947. Price, 
$6.75. 


Advances in Military Medicine. Science in 
World War II. Edited by E. C. ANprRuvs, 
D. W. Bronx, G. A. CARDEN, JR., C. 8. 
KEEFER, J. 8S. Lockwoop, J. T. WEARN, 
W.C. WInTERNITz, and TUCKERMAN Day. 
Foreword by ALFrep N. Ricwarps. In 
2 vols. Pp. 900; 94 figs. Boston: Little, 
Brown, 1948. Price, $12.50. 


The Biology of Melanomas. Edited by Roy 
Watpo Miner, Myron Gorpon, and 
LorHaR Vol. IV. Pp. 478; 107 
plates. New York: The New York 
Academy of Sciences, 1948. Price, $5.00. 
To members, $4.00. 


Blue Cross and Medical Service Plans. By 
Louis 8. Reep. Pp. 323. Washington, 
D.C.: U.S. Public Health Service, 1947. 


Telepathy and Medical Psychology. By JAN 
EHRENWALD, M.D. Pp. 212. New York: 
W. W. Norton, 1948. Price, $3.00. 


Case Histories in Clinical and Abnormal Psy- 
chology. Edited by ArtTHurR BurRTON, 
Assoc. Prof. of Psychology, Willamette 
Univ., and Ropert E. Harris, Assoc. 
Prof. of Medical Psychology, Univ. of 
California. Pp. 680. New York: Harper 
& Brothers, 1948. Price, $4.00. 
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NEW EDITIONS GARET G. ARNSTEIN, R.N., M.A., M.P.H 


2nd ed. Pp. 450. New York: The Ma 


Disability Evaluation. By Eart D. Mc- millan Company, 1948. Price, $5.00. 


Brive, M.D., F.A.C.P., Diplomate, Amer- 
ican Board of Orthopedic Surgery. 4th ed. 
Pp. 667; 400 ills. Phila.: J. B. Lippincott, 
1948. Price, $12.00. 


{ndotracheal Anesthesia. By A. Gi 
LESPIE, M.A. (Oxon.), M.D. (Wis 
Assoc. Prof. of Anesthesia, Univ. of W 

The Treatment of Rheumatism in General COnSIN. 2nd ed Pp. 234: 56 figs: 1 col 
Practice By _S. C. CopeMan., O.B.E.. plate. Madiso1 niversity of Wiscons 
M.A., M.D. (Canras.), F.R.C.P.-Lonp.). Press, 1948. Price, $4.00. 
ith ed. Pp. 258. Balt.: Williams & Wil- 


kins. 1946. Price. $4.00. Treatment h Diet By (CLIFFORD 2. Bal 


BORKA, M.D., D.Sc., F.A.C.P., Asst. Pr 
Communicable Disease Control. By GAYLORD of Medicine, Northwestern Univ. Medi 
W. Anperson, M.D., Dr.P.H., Mayo School. 5th ed. Pp. 784: 14 ills.. 13 


WOOL. 


Prof. and Director, School of Public color. Phila J. B. Lippineott, 1948 


Health, Univ. of Minnesota, and Mar- Price, $10.00. 
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